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units  rather  than  inch-pound  units  used  in  this  report,  values  may  be  converted  by 
using  the  following  factors: 


Multiply  Inch-Pound  Unit  By 

Length 


inch  (in.) 

25.4 

foot  (ft) 

0.3048 

mile  (mi) 

1.609 

Area 

acre 

0.4047 

2 

square  mile  (mi  ) 

2.590 

Flow 

O 

cubic  foot  per  second  (ft  /s) 

0.02  832 

Volume 

cubic  foot  per  second-days 
(cf s-days ) 

2,447 

Mass 

pound  per  acre 

1.121 

pound  (lb) 

0.4536 

ton  (ton),  short 

0.9072 

ton  per  square  mile  (ton/mi  ) 

0.3503 

To  Obtain  Metric  Unit 


millimeter  (mm) 
meter  (m) 
kilometer  (km) 

2 

square  hectometer  (hm  ) 

2 

square  kilometer  (km  ) 

3 

cubic  meter  per  second  (m  /s) 

3 

cubic  meters  (m  ) 

2 

kilogram  per  square  hectometer  (Kg/hm  ) 
Kilogram  (Kg) 
megagram  (Mg) 

2 

metric  ton  per  square  kilometer  (t/km  ) 
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ABSTRACT 


Excessive  nutrients  and  sediments  are  suspected  of  causing  a marked 
decrease  in  the  productivity  of  the  Chesapeake  Bay,  and  much  of  the  excess 
nutrients  and  sediment  are  thought  to  originate  from  the  lowe'  Susquehanna 
River  basin.  Annual  loads  of  nutrients  and  suspended  sediment  transported  by 
the  main  stem  of  th“  Susquehanna  River  and  ten  of  its  tributaries  were 
measured  from  1985  to  1989  to  determine  a 1985-89  nutrient  baseline  loading 
rate  for  the  basin. 

Data  were  collected  monthly  during  base-flow  conditions  and  during  one 
stormflow  event  per  season.  Base-flow  water  discharge  and  concentrations  of 
nutrients  and  suspended  sediment  varied  seasonally.  In  most  years,  base-flow 
water  discharge  was  highest  during  the  winter  and  lowest  during  the  summer  at 
all  sites.  However,  nutrient  and  suspended-sediment  concentrations  did  not 
always  vary  in  the  same  manner  as  water  discharge  at  all  sites.  Seasonal 
variations  in  nutrients  and  suspended-sediment  concentrations  observed  during 
periods  of  base  flow  and  stormflow  emphasize  the  need  for  periodic  sampling  of 
both  base  flow  and  stormflow  throughout  the  year. 

Regression  analyses  were  performed  to  calculate  annual  and  seasonal  loads 
using  a 7-parameter  log-linear  model  incorporating  seasonality,  flow,  and  time 
trend  variables. 

Calculated  annual  loads  and  yields  of  nutrient  and  suspended  sediment 
show  year-to-year  variabilities  of  these  parameters  for  each  site.  These 
variabilities  are  highly  correlated  with  those  of  annual  water  discharge. 
Loads  and  yields  of  nutrients  and  suspended  sediment  were  adjusted  to  long- 
term values  in  order  to  facilitate  between-site  comparisons. 

The  Conestoga  River  at  Conestoga  was  the  only  site  to  show  a trend  in 
nutrient  loads.  The  1989  total  phosphorus  load  indicated  a significant 


1 


reduction  from  that  of  previous  years.  The  change  appeared  to  be  due 
primarily  to  an  upgrading  of  a regional  sewage  treatment  plant. 

A comparison  between  suspended-sediment  yields  measured  on  the 
Susquehanna  River  at  Harrisburg,  Pa.  during  the  periods  1962-67  and  1985-89 
indicated  little  change  in  yields.  This  minor  change  over  a 25-year  period  is 
consistent  with  the  slow  pace  of  development  in  the  upper  Susquehanna  River 
basin. 

The  tributaries  below  Harrisburg  show  sizeable  increases  in  sediment 
yields  over  the  25-year  period.  That  is  due  to  increased  urban  development 
rather  than  to  farming.  Sediment  yields  during  1962-67  primarily  reflect 
farming  practices  and  the  beginning  of  the  development  boom.  Farm  land  has 
decreased  since  the  early  1960's  giving  way  to  housing  and 
commercial/ industrial  development. 

The  nutrient  and  suspended-sediment  loads  measured  at  Conowingo  do  not 
reflect  total  basin  loads  transported  by  the  Susquehanna  River  and  its 
tributaries.  Total  basin  loads  were  estimated  for  each  of  the  5 years,  1985 
to  1989,  by  adding  the  loads  transported  by  the  Susquehanna  River  at 
Harrisburg,  loads  of  the  sampled  tributaries  below  Harrisburg,  and  estimated 
loads  for  the  unmeasured  tributaries.  The  computed  1985-to-1989  average 
annual  baseline  loading  rates  for  total  nitrogen,  total  phosphorus,  and 
suspended  sediment  for  the  basin  above  Conowingo  Dam  were  150  x 10^, 
8.7  X 10^,  and  6,180  x 10^  pounds,  respectively.  The  total  nitrogen,  total 
phosphorus,  and  suspended-sediment  loads  for  Conowingo  were  147  x 10  and 
5.13  X 10^  pounds  and  1,780  x 10^  pounds,  respectively.  Based  on  the  average 
annual  1985-to-1989  baseline  load  computed  for  Conowingo,  4,400  x 10^  pounds, 
or  71  percent,  of  the  annual  sediment  load  is  entrapped  in  the  reservoirs. 
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This  study  has  reinforced  earlier  invest igators " s conclusions  that  the 
highest  nutrient  yields  come  from  the  lower  Susquehanna  River  basin.  This 
part  of  the  basin  constitutes  nearly  19  percent  of  the  drainage  area,  but 
contributes  28  percent  of  the  average  total  phosphorus  load,  38  percent  of  the 
average  total  nitrogen  load,  and  45  percent  of  the  average  suspended-sediment 
load . 
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INTRODUCTION 


The  Pa.  Department  of  Environmental  Resources,  Bureau  of  Soil  and  Water 
Conservation  and  Bureau  of  Laboratories  (Pa.  DER) , the  U.S.  Environmental 
Protection  Agency  (U.S.  EPA) , the  U.S.  Geological  Survey  (USGS),  and  the 
Susquehanna  River  Basin  Commission  (SRBC)  have  cooperated  in  a study  to 
quantify  nutrient  and  suspended  sediment  transport  in  the  Susquehanna  River 
basin.  Nutrients  and  sediments  entering  the  Chesapeake  Bay  from  the 
Susquehanna  River  basin  could  contribute  toward  nutrient  enrichment  problems 
in  the  Bay  (EPA,  1982). 

Background 

New  York,  Pennsylvania,  Maryland,  Virginia,  and  the  District  of  Columbia 
have  agreed  to  reduce  nutrient  loads  to  the  Chesapeake  Bay.  The  1987 
Chesapeake  Bay  Agreement  states  that  by  the  year  2000,  controllable  excess 
nutrient  loads  to  the  bay  are  to  be  reduced  to  at  least  60  percent  of  the  1985 
average  annual  loading  rate.  Much  of  the  excessive  nutrients  and  suspended 
sediment  that  enter  the  Chesapeake  Bay  are  thought  to  originate  from  the  lower 
Susquehanna  River  basin.  As  part  of  the  Pennsylvania  Chesapeake  Bay  Program 
Reduction  Strategy,  the  U.S.  EPA  estimated  the  1985  average  annual  nutrient 
discharge  of  the  Susquehanna  River  to  the  Chesapeake  Bay  to  be  121  million 
pounds  of  nitrogen  and  2.91  million  pounds  of  phosphorus. 

Several  studies,  Clark  and  others  (1973,  1974);  Poth  (1977);  Ward  and 
Eckhardt  (1979);  Lietman  and  others  (1983);  and  Ward  (1987)  showed  high 
concentrations  of  nutrients  in  streams  of  the  lower  Susquehanna  River  basin. 
Other  studies,  Poth  (1977);  Lloyd  and  Growitz  (1977);  and  Taylor  and 
Werkheiser  (1984)  showed  high  concentrations  of  nutrients  in  ground  water  in 
the  lower  basin.  Three  of  the  studies  showed  high  suspended-sediment  yields 
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from  areas  in  the  lower  basin,  Ward  and  Eckhardt  (1979);  Lietman  and  others 
(1983);  and  Ward  (1987).  Lang  (1982)  reported  results  of  water-quality 
sampling  of  the  three  major  tributaries  to  the  Chesapeake  Bay — the 
Susquehanna,  Potomac,  and  James  Rivers.  Results  from  the  above  studies 
indicated  a large  nutrient  load  was  being  transported  by  the  lower  Susquehanna 
River  and  concluded  that  the  sources  and  quantities  of  the  loads  warranted 
determination. 

Objectives  of  the  Study 

The  objectives  of  this  study  were  to  collect  monthly  base  flow  and 
seasonal-storm  nutrient  and  suspended-sediment  samples  from  the  main  stem  of 
the  Susquehanna  River  and  from  its  major  tributaries  in  the  lower  Susquehanna 
River  basin  and  use  the  determined  concentration  data  to  compute  annual 
nutrient  and  suspended-sediment  loads  and  establish  baseline  loading  rates. 
Annual  loads  were  derived  for  most  of  the  collection  sites  for  calendar  years 
1985  through  1989.  Annual  load  data  that  were  calculated  for  total  nitrogen, 
total  phosphorus,  and  suspended  sediment  for  the  1985-89  period  were  adjusted 
to  baseline  loads  on  the  basis  of  the  mean  water  discharge  for  the  period  of 
record  for  each  respective  gaged  sampling  site.  In  addition,  nutrient  and 
suspended-sediment  loads  were  determined  for  several  streams  that  drain  areas 
of  single,  or  nearly-single , land  use.  Nutrient-load  data  for  single  land 
uses  are  needed  to  aid  in  determining  the  relationship  between  land  use  and 
nutrient  and  suspended-sediment  yields. 

This  study  establishes  a sound  database  which  can  be  used  to  effectively 
plan,  implement,  and  evaluate  immediate  and  long-range  nutrient  reduction 
efforts . 
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Purpose  of  Report 

The  purpose  of  this  report  is  to  present  basic  information  on  annual  and 
seasonal  loads  and  yields  of  nutrients  and  suspended  sediment  measured  during 
calendar  years  1985  through  1989,  and  to  document  a 1985-89  baseline  stream 
loads  of  nutrients  in  the  basin.  A method  is  provided  for  estimating  "average 
baseline  load".  Such  baseline  loads  are  documented  for  total  nitrogen  (TN), 
total  phosphorus  (TP),  and  suspended  sediment  for  sites  on  the  main  stem  of 
the  Susquehanna  River  and  for  11  additional  sites,  which  are  mostly  on 
tributaries  of  the  lower  Susquehanna  River  basin.  Relations  between  average 
loads  and  yields  and  land  use  are  presented.  Total  basin  loads  and  the  loads 
measured  at  Conowingo  Dam  by  the  USGS  are  also  presented  to  provide  insight 
into  the  significance  of  nutrient  entrapment  of  run  of  river  reservoirs  that 
lie  upstream  of  Chesapeake  Bay. 

DESCRIPTIOH  OF  THE  SUSQUEHANNA  RIVER  BASIN 

The  Susquehanna  River  (figure  1)  drains  an  area  of  27,510  square  miles 
(Susquehanna  River  Basin  Study  Coordination  Committee,  1970)  and  is  the 
largest  tributary  to  the  Chesapeake  Bay.  For  the  purpose  of  this  study,  the 
Susquehanna  River  basin  is  considered  to  have  27,100  square  miles  of  drainage 
area  above  Conowingo  Dam  at  Conowingo,  Maryland. 

The  climate  in  the  Susquehanna  River  basin  varies  considerably  from  the 
low  lands  adjacent  to  the  Chesapeake  Bay  in  Maryland  to  the  high  elevations, 
above  2,000  feet,  of  the  northern  headwaters  in  central  New  York  State.  The 
annual  mean  temperature  ranges  from  53°F  (degrees  Fahrenheit)  near  the 
Pennsylvania/Maryland  border  in  the  lower  subbasin  to  45°F  in  the  northern  end 
of  the  basin.  Mean  January  temperatures  range  from  30°F  in  souther  parts  of 
the  basin  to  21°F  in  the  northern  parts  of  the  basin.  Mean  July  temperatures 
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FIGURE  1. — Map  showing  Susquehanna  River  basin 
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range  from  75°F  to  67°F  in  these  parts,  respectively.  Precipitation  for  the 
basin  averages  39.15  in.  (inches)  per  year,  and  is  fairly  well  distributed 
throughout  the  year.  The  highest  annual  precipitation  is  in  the  Valley  and 
Ridge  and  the  Appalachian  Plateau  provinces  (Fenneman,  1938)  of  central 
Pennsylvania  and  the  lowest  annual  precipitation  is  southern  New  York  State. 

The  average  growing  season  in  the  southern  parts  of  the  basin  is 
approximately  160  days  and  lasts  from  about  May  1 to  about  October  10.  The 
growing  season  in  northern  parts  of  the  basin  is  roughly  120  days  and  extends 
from  about  May  15  to  September  15.  However,  frosts  can  occur  significantly 
later  in  the  spring  and  earlier  in  the  fall  than  the  end  dates  of  the  average 
growing  season. 

Lands  in  the  basin  are  predominantly  forested.  Woodland  occupies  the 
higher  elevations  of  the  northern  and  western  areas  of  the  basin  and  much  of 
the  mountain  and  ridge  land  in  the  two  lower  subbasin.  Farmers  in  the 
northern  subbasin  use  more  tillable  land  for  hay  and  less  for  cultivated  crops 
because  of  the  short  and  uncertain  growing  season.  Most  of  the  cultivated 
land  is  in  the  lower  subbasin;  however,  extensive  areas  are  cultivated  along 
the  river  valleys  in  southern  New  York  and  along  the  West  Branch  Susquehanna 
River  from  Lock  Haven  to  Northumberland,  including  much  of  the  valley  of  Bald 
Eagle  Creek. 

Most  of  the  urban  areas  in  the  basin  are  along  the  river  valleys. 


NUTRIENT  MONITORING  SITES 

Several  factors  were  considered  when  the  data  collection  sites  were 
selected.  All  major  tributaries  (those  with  drainage  areas  greater  than 
100  square  miles)  within  the  lower  Susquehanna  River  basin  were  considered  as 
were  the  three  inflows  from  the  upper  Susquehanna  River  basin.  The  size  of 
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the  drainage  area  and  land  use  were  considered  because  drainage  area  and  land 
use  are  related  to  loads  and  yields  of  nutrients  and  suspended  sediments. 

Susquehanna  River 

Data  were  collected  from  the  Susquehanna  River  at  Danville.  The 
drainage  area  above  Danville  is  11,220  square  miles  and  includes  part  of 
north-central  Pennsylvania  (the  Tioga  River  basin)  and  much  of  south-central 
New  York.  Data  were  collected  from  the  West  Branch  Susquehanna  River  at 
Lewisburg,  drainage  area  6,847  square  miles,  and  the  Juniata  River  at  Newport, 
drainage  area  3,354  square  miles.  The  West  Branch  Susquehanna  River  basin 
includes  much  of  north-central  Pennsylvania  and  the  Juniata  River  basin 
includes  much  of  the  south-central  area  of  the  state  (figure  1).  The  three 
sites  together  drain  77.9  percent  of  the  total  Susquehanna  River  basin,  and 
98.9  percent  of  the  21,661  square  miles  upper  Susquehanna  River  basin.  The 
Susquehanna  River  also  was  sampled  at  Harrisburg.  The  drainage  area  above 
Harrisburg  is  24,100  square  miles  of  which  2,396  square  miles  is  considered  to 
be  in  the  lower  basin  (the  drainage  area  between  Sunbury  and  Harrisburg 
excluding  the  Juniata  River  basin).  The  Susquehanna  River  at  Conowingo, 
Maryland,  was  sampled  by  the  Mid-Atlantic  District  of  the  U.S.  Geological 
Survey.  The  drainage  area  at  Conowingo  is  27,100  square  miles,  representing 
98.5  percent  of  the  27,510  square  mile  basin. 

Data  also  were  collected  from  the  Susquehanna  River  at  Marietta  from 
1987  through  1989  and  from  the  Susquehanna  River  at  Towanda  during  1989.  The 
drainage  area  at  Marietta  is  25,990  square  miles  and  the  drainage  area  at 
Towanda  is  7,797  square  miles.  Marietta  was  added  as  a sampling  site  because 
it  better  represents  the  inflow  to  the  reservoirs  on  the  lower  Susquehanna 
River.  Towanda  was  added  because  it  represents  the  contribution  from  New  York 
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State,  although  the  drainage  area  does  include  the  Tioga  River  basin  in 
northern  Pennsylvania  and  an  area  along  the  northern  tier  counties  of  eastern 
Pennsylvania . 

Tributaries 

Three  sites  were  sampled  primarily  to  determine  the  load  and  yield 
differences  due  to  the  effects  of  land  use.  Data  were  collected  from  Stony 
Creek  at  Water  Tank  Trail,  near  Dauphin  because  the  stream  represents  drainage 
from  an  area  that  is  100  percent  forested,  from  Paxton  Creek  near  Penbrook 
because  the  stream  drains  an  area  that  is  about  70  percent  suburban  and 
3 0 percent  forested,  and  from  the  Codorus  Creek  at  two  sites — York  and 
Pleasurevil le — because  the  difference  between  the  two  represents  a 
45-square-mile  area  that  is  predominantly  urban. 

Data  were  collected  from  five  of  the  major  tributaries  to  the  lower 
Susquehanna  River — Sherman  Creek  at  Shermans  Dale,  Swatara  Creek  near  Hershey, 
West  Conewago  Creek  near  Manchester,  Codorus  Creek  at  York  and  Pleasureville, 
and  Conestoga  River  at  Conestoga.  The  drainage  area  of  these  five  streams  at 
the  sampling  locations  is  1,930  square  miles  and  the  drainage  area  of  these 
five  streams  at  their  mouths  is  2,088  square  miles.  The  five  streams 
represent  33.0  percent  of  the  lower  basin  at  the  sampling  locations  and 
35.7  percent  of  the  lower  basins  at  their  mouths.  Some  water  quality  data 
were  tabulated  from  data  collected  as  part  of  the  USGS  National  Stream  Quality 
Accounting  Network  (NASQAN)  and  the  USGS  Hydrologic  Benchmark  Program.  The 
data  collection  sites  are  listed  in  table  1,  and  their  locations  are  shown  on 
figure  2. 
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TABLE  1. — Data-col lect ion  sites  and  their  drainage  areas 


uses 

Identi- 

fication 

Number 

Site 

Short  Name 

Drainage 

Area 

Station  Name 

sq  mi 

01531500 

Susquehanna  River  at  Towanda , Pa 

Towanda 

7,7  97 

01540500 

Susquehanna  River  at  Danville,  Pa. 

Danvil le 

11,220 

01545600 

*Young  Womans  Creek  near  Renovo, 

Pa. 

Renovo 

46.2 

01553500 

West  Branch  Susquehanna  River 
at  Lewisburg,  Pa. 

Lewisburg 

6,847 

01567000 

Juniata  River  at  Newport,  Pa. 

Newport 

3,354 

01568000 

Sherman  Creek  at  Shermans  Dale, 

Pa. 

Shermans  Dale 

200 

01568750 

Stony  Creek  at  Water  Tank  Trail 
near  Dauphin,  Pa. 

Dauphin 

21.9 

01570500 

Susquehanna  River  at  Harrisburg, 

Pa 

• 

Harrisburg 

24,100 

01571000 

Paxton  Creek  near  Penbrook,  Pa. 

Penbrook 

11.2 

01573560 

Swatara  Creek  near  Hershey,  Pa. 

Hershey 

483 

01574000 

West  Conewago  Creek  near  Manchester 

, Pa . 

Manchester 

510 

01575500 

Codorus  Creek  near  York,  Pa. 

York 

222 

01575585 

Codorus  Creek  at  Pleasureville , 

Pa. 

Pleasureville 

267 

01576000 

Susquehanna  River  at  Marietta,  Pa. 

Marietta 

25,990 

01576754 

Conestoga  River  at  Conestoga,  Pa 

• 

Conestoga 

470 

01578310 

*Susquehanna  River  at  Conowingo, 

Md. 

Conowingo 

27,100 

* These  sites  are  not  part  of  this  study.  Data 
were  collected  by  the  Harrisburg,  Pa.  and  the 

for  these  sites 

Towson,  Md.  offices  of 

the 

U.S.  Geological  Survey. 
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FIGURE  2. — Map  showing  locations  of  data-collection  sites 
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SAHPLE  COLLECTION  AND  ANALYSIS 


Samples  were  collected  at  each  of  the  sites  to  measure  nutrient  and 
suspended-sediment  concentrations  during  periods  of  low  and  high  flow. 
Samples  of  low  flow  were  collected  monthly.  After  a period  of  high  flow, 
collection  of  low-flow  samples  was  delayed,  by  7 to  10  days,  until  moderate 
flows  prevailed.  All  samples  collected  during  periods  of  low  flow  were 
collected  by  hand  with  depth- integrating  samplers.  Samples  were  collected 
during  three  to  eight  periods  of  high  flow  each  year.  Storm,  or  high-flow, 
samples  were  normally  collected  every  4 hours  from  the  start  of  the  storm  to 
the  time  when  the  flow  receded  to  near  its  pre-storm  rate.  An  attempt  was 
always  made  to  collect  a sample  at  peak  flow.  Most  storm  samples  were 
collected  by  hand  with  depth-integrating  samplers;  however,  four  of  the  sites 
were  equipped  with  automatic  pumping  samplers. 

A portion  of  each  sample  was  filtered  and  the  filtrate  was  analyzed  for 
dissolved  nitrogen  and  phosphorus  species.  VOiole-water  samples  were  analyzed 
for  total  nitrogen  and  total  phosphorus  species,  total  organic  carbon,  and 
suspended  sediment.  Samples  for  nutrient  analysis  either  were  delivered  to 
the  Pa.  DER  laboratory  in  Harrisburg  or  were  shipped  to  the  USGS  National 
Water  Quality  Laboratory  in  Arvada,  Colo. , the  day  following  sample 
collection.  The  parameters  and  laboratory  methods  used  are  listed  in  table  2. 
Samples  collected  for  suspended-sediment  concentrations  were  analyzed  by  the 
USGS  Sediment  Laboratory  in  Harrisburg.  A particle-size  distribution  of 
suspended  sediment  was  determined  for  a few  samples  of  high  suspended-sediment 
concentrations . 

Duplicate  and  replicate  samples  were  collected  on  a regular  basis.  A 
larger-than-normal  volume  of  water  was  collected  and  two  sets  of  filtered  and 
whole-water  samples  of  the  same  volume  of  water  (duplicate  samples)  were  sent 
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TABLE  2. — Water-quality  parameters,  laboratory  methods,  and  detection  limits 


Parameter  Laboratory 

Methodology 

Detection 

Limit 

mg/ 1 

Reference 

Ammonia 

uses 

Colorimetry 

0.002 

Skougstad,  et  al , 1979 
(1-2523-78) 

Pa.  DER 

Colorimetry 

.02 

Standard  Methods  #4170 

Kjeldahl 

nitrogen 

uses 

Block  digest, 
colorimetry 

.2 

Skougstad,  et  al,  1979 
(1-4552-78) 

(dissolved) 

Pa.  DER 

Block  digest, 
colorimetry 

.2 

U.S.  EPA  351.2 

Kjeldahl 

nitrogen 

uses 

Block  digest, 
colorimetry 

.2 

Skougstad,  et  al , 1979 
(1-4552-78) 

(total) 

Pa.  DER 

Block  digest , 
colorimetry 

.2 

U.S.  EPA  351.2 

Nitrite 

plus 

uses 

Cd-reduct ion , 
colorimetry 

.01 

Skougstad,  et  al , 1979 
(1-2545-81) 

nitrate 

Pa.  DER 

Cd-reduction, 

colorimetry 

.01 

U.S.  EPA  353.2 

Organic 

Carbon 

uses 

Wet  oxidation 

.1 

Wershaw,  et  al. 

(0-3100-83) 

( total) 

Pa.  DER 

Wet  oxidation 

.1 

U.S.  EPA  415.2 

Ortho- 

phosphate 

uses 

Colorimetry 

.001 

Skougstad,  et  al,  1979 
(1-2601-81) 

(dissolved) 

Pa.  DER 

Colorimetry 

.005 

U.S.  EPA  365.4 

Phosphorus 

(dissolved) 

uses 

Block  digest, 

CO lorimetry 

.001 

Skougstad,  et  al,  1979 
(1-2600-81) 

Pa.  DER 

Digest , 
colorimetry 

.02 

U.S.  EPA  365.4 

Phosphorus 

(total) 

uses 

Block  digest, 
colorimetry 

.001 

Skougstad,  et  al , 1979 
(1-4600-81) 

Pa.  DER 

Persulfate  digest 
colorimetry 

, .02 

Standard  methods,  1985 

14 


to  the  Pa.  DER  laboratory  marked  with  slightly  different  times  (duplicate 
intra-laboratory  samples).  Duplicate  inter-laboratory  samples  were  collected 
the  same  way,  but  one  sample  was  sent  to  the  Pa.  DER  laboratory  and  one 
sample  was  sent  to  the  DSGS  laboratory  in  Arvada,  Colo.  At  the  sites  equipped 
with  automatic  samplers,  depth-integrated  samples  (replicates)  were  collected 
on  a regular  basis  to  determine  if  the  automatic  samplers  were  collecting 
representative  samples  of  the  cross  section.  All  duplicate  and  replicate 
samples  were  analyzed  for  the  same  constituents  as  the  regular  samples.  An 
analysis  of  the  duplicate  and  replicate  samples  is  included  in  Appendix  A” — 
Quality  Assurance  of  Nutrient  and  Sediment  Data. 


PRECIPITATION 

Most  precipitation  data  were  obtained  from  long-term  stations  operated 
by  the  U.S.  Department  of  Commerce.  Data  for  part  of  the  Conestoga  River 
basin  were  obtained  from  the  Conestoga  River  headwaters  project  of  the  USGS. 
The  U.S.  Department  of  Commerce  data  are  published  monthly  as  Climatological 
Data-Pennsylvania,  and  as  Climatological  Data-New  York  by  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  at  the  National  Climatic  Data  Center  in 
Asheville,  North  Carolina.  Quarterly  and  annual  precipitation  data  from  these 
sources  were  summarized  for  the  period  from  1985  through  1989  for  nine  regions 
in  the  Susquehanna  River  basin:  the  Susquehanna  River  basin  above  Danville, 
the  West  Branch  Susquehanna  River  basin,  the  Young  Womans  Creek  basin,  the 
Juniata  River  basin,  the  Sherman  Creek  basin,  the  Swatara  Creek  basin,  the 
West  Conewago  Creek  basin,  the  Codorus  Creek  basin,  and  the  Conestoga  River 
basin.  This  summary  is  shown  in  table  3,  along  with  average  long-term 
precipitation  values  for  the  period  1985-89. 
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TABLE  3. — Summary  of  annual  precipitation  for  selected  subbasins  in  the  Susquehanna  River  basin 

calendar  years  1985  through  1989 


Average 

Long- 

term 

Precipa- 

tation 

Calendar  Years 

1985 

1986  1987  1988 

1989 

Subbasin 

Season 

inches 

Susquehanna 

Janua  ry-March 

8.06 

6.25 

7.85 

4.66 

5.53 

6.31 

River 

April-June 

9.99 

8.42 

11.25 

10.41 

7.18 

15.03 

above 

July  - September 

10.24 

12.09 

11.74 

13.36 

11.28 

9.30 

Danville 

October-Dec ember 

8.77 

9.53 

9.86 

6.44 

6.69 

7.65 

Yearly  total 

37.06 

36.29 

40.70 

34.87 

30.68 

38.29 

West  Branch 

January-March 

9.16 

7.00 

7.71 

5.28 

6.23 

8.54 

Susquehanna 

April-June 

11.54 

9.52 

10.56 

11.79 

7.45 

15.92 

River 

July  - September 

11.46 

10.15 

11.99 

14.24 

12.37 

9.46 

October-December 

9.44 

10.99 

11.87 

7.43 

6.75 

7.10 

Yearly  total 

41.60 

37.66 

42.13 

38.74 

32.80 

41.02 

Young  Womans  January-March 

8.83 

7.03 

7.08 

4.27 

5.82 

6.45 

Creek  April-June 

11.42 

8.93 

13.26 

13.87 

8.36 

14.45 

July-Sept ember 

11.50 

11.54 

12.24 

15.11 

11.87 

9.88 

October-December 

9.25 

11.35 

11.25 

6.88 

6.01 

6.28 

Yearly  total 

41.00 

38.85 

43.83 

40.13 

32.06 

37.06 

Juniata 

River 

January-March 

April-June 

July  - September 
October-December 

9.21 

11.58 

11.38 

9.23 

8.47 

10.31 

8.00 

13.90 

9.16 

9.39 

9.03 

12.42 

6.22 

11.26 

11.29 

7.56 

7.33 

8.42 

9.17 

7.32 

8.68 

13.66 

13.75 

6.96 

Yearly  total 

41.40 

40.68 

40.00 

36.33 

32.24 

43.05 
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TABLE  3. — Summary  of  annual  precipitation  for  selected  subbasins  in  the  Susquehanna  River  basin, 

calendar  years  1985  through  1989 — Continued 


Average 
Long- 
term Calendar  Years 

Precipa-  


tation 

1985 

1986 

1987 

1988 

1989 

Subbas in 

Season 

inches 

Sherman 

Janua  ry-March 

9.09 

7.90 

9.00 

6.30 

5.30 

11.30 

Creek 

April-June 

11.41 

8.90 

10.40 

11.50 

11.30 

18.84 

July-Sept  ember 

11.41 

8.50 

9.88 

11.10 

10.03 

15.70 

October-Dec ember 

10.09 

10.60 

10.30 

7.00 

6.80 

8.68 

Yearly  total 

42.00 

35.90 

39.58 

35.90 

33.43 

54.52 

Swatara 

Janua ry-March 

9.78 

6.19 

11.10 

7.84 

6.33 

6.76 

Creek 

April-June 

11.88 

9.81 

9.58 

10.62 

8.48 

16.03 

July-Sept  ember 

12.20 

8.40 

13.03 

13.42 

13.18 

13.23 

October-December 

10.24 

8.85 

12.90 

8.49 

7.38 

8.99 

Yearly  total 

44.10 

33.25 

46.61 

40.37 

35.37 

45.01 

West  Janua ry-March 

9.57 

8.21 

8.73 

6.24 

6.53 

9.36 

Conewago  April-June 

11.69 

9.64 

9.11 

10.57 

11 .29 

15.82 

Creek  July-September 

10.89 

15.43 

8.45 

13.18 

10.24 

9.13 

October-December 

9.75 

11.82 

12.72 

8.98 

6.68 

8.63 

Yearly  total 

41.90 

45.10 

39.01 

38.97 

34.74 

42.94 

Codorus 

Janua ry-March 

9.45 

6.96 

8.32 

6.75 

7.17 

9.63 

Creek 

April-June 

11.54 

10.06 

7.73 

9.45 

8.92 

14.59 

July-September 

10.97 

12.80 

9.40 

10.66 

9.39 

8.91 

October-December 

9.54 

9.72 

11.98 

9.05 

6.84 

8.63 

Yearly  total 

41.50 

39.54 

37.43 

35.91 

32.32 

41.76 
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TABLE  3. — Summary  of  annual  precipitation  for  selected  subbasins  in  the  Susquehanna  River  basin 

calendar  years  1985  through  1989 — Continued 


Subbas in 

Average 

Long- 

term 

Precipa- 

tation 

Calendar  Years 

1985 

1986 

1987 

1988 

1989 

Season 

inches 

Conestoga 

January-March 

8.48 

5.28 

8.02 

4.95 

7.10 

8.32 

River 

April-June 

11.01 

9.91 

8.03 

9.24 

9.28 

15.77 

July-Sept  ember 

11.60 

13.05 

16.97 

15.39 

15.86 

11.96 

October-December 

9.33 

7.93 

12.58 

7.95 

7.60 

9.22 

Yearly  Total 

40.42 

36.62 

45.60 

37.53 

39.84 

45.27 
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Average  precipitation  in  the  Susquehanna  River  basin  above  Conowingo  is 
about  39.80  in/yr.  Average  precipitation  for  the  5 years  from  1985  through 
1989  was  about  37.76  inches,  or  about  2 inches  below  normal.  The  driest  year 
was  1988  when  only  32.40  inches  was  recorded,  and  the  average  for  the  other 
4 years  was  39.10  inches.  The  two  wettest  years  were  1986,  at  41.25  inches, 
and  1989  at  40.80  inches. 

Annual  precipitation  exceeded  the  normal  annual  mean  in  all  basins  at 
least  once  during  the  study  and  it  exceeded  the  annual  mean  twice  in  four  of 
the  basins.  The  greatest  annual  precipitation  occurred  in  the  Sherman  Creek 
basin  in  1989.  Precipitation  totaled  54.52  inches  during  the  year  and  was 
12.50  inches  above  normal.  The  prior  year  only  33.43  inches  precipitation 
fell  in  the  basin,  which  was  8.50  inches  below  normal. 

The  Conestoga  River  basin  also  had  large  variations  in  annual 
precipitation.  During  1985,  precipitation  in  the  Conestoga  River  basin 
totaled  36.62  inches,  but  during  1986  it  totaled  45.23  inches.  Most  of  the 
heavy  precipitation  of  1986  fell  during  the  July-September  period.  For  the 
3 months,  precipitation  totaled  16.97  inches,  or  about  5.00  inches  above 
normal . 

WATER  DISCHARGE 

Measured  annual  water  discharges  for  the  period  of  data  collection  are 
listed  in  table  4 for  all  sites.  Also,  listed  in  table  4 is  the  long-term 
mean  discharge  for  most  of  the  sites.  The  long-term  means  listed  for  Swatara 
Creek,  Codorus  Creek  at  Pleasurevil le , Conestoga  River  and  the  Susquehanna 
River  at  Conowingo  are  values  adjusted  from  intermediate-term  means  that  were 
compared  to  means  for  long-term  gages  located  upstream  of  each  of  the  four 
sites.  The  long-term  mean  listed  for  Stony  Creek  was  adjusted  with  the  flow 
record  for  the  adjacent  stream  to  the  north,  Clark  Creek. 
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TABLE  4.  Annual  water  discharge,  calendar  years  1985  through  1989 
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Also,  presented  in  table  4 are  annual  water  discharges  as  percentages  of 
the  long-term  mean..  A percentage  less  than  100  indicates  a year  with  below- 
normal  water  discharge  and  percentage  over  100  indicates  a year  with  above- 
normal water  discharge.  The  year  with  the  least  water  discharge  at  Conowingo 
was  1988  (70.7  percent  of  normal),  and  the  year  with  the  most  water  discharge 
at  Conowingo  was  1986  (107.6  percent  of  normal).  Streamflow  ranged  from 
57.5  percent  of  normal  in  Paxton  Creek  during  1985  to  130.9  percent  of  normal 
in  Sherman  Creek  during  1989. 

With  the  exceptions  of  the  Susquehanna  River  at  Towanda  (only  1 year  of 
nutrient  and  suspended-sediment  data)  and  the  two  sites  on  Codoms  Creek  (York 
and  Pleasureville) , each  site  had  at  least  1 year  of  flow  greater  than  its 
long-term  mean. 

Water  discharge  in  Codorus  Creek  is  highly  regulated.  Examination  of 
the  precipitation  and  streamflow  data  in  tables  3 and  4 discloses  a much 
greater  variability  in  annual  precipitations  than  in  mean  annual  water 
discharges.  Summer  and  fall  streamflow  conditions  were  described  to  the 
authors  by  P.  H.  Glatfelter  Company  personnel  (Carter,  N.  and  Metzger,  L. , 
oral  communication,  1990).  P.  H.  Glatfelter  Company  maintains  a flow  in 
Codorus  Creek  at  the  Spring  Grove  processing  plant  of  15-18  mgd  by  releasing 
water  from  Lake  Marburg.  This  flow  must  be  maintained  to  meet  permit  limits 
for  an  industrial-waste  discharge  point  downstream.  Approximately  a mile 
downstream  of  the  plant,  P.  H.  Glatfelter  Company  discharges  13-14  mgd  of 
treated  effluent.  Consequently,  the  regulated  component  of  flow  in  Codorus 
Creek  upstream  of  the  South  Branch  Codorus  Creek  at  Indian  Rock  Dam  averages 
approximately  31  mgd.  York  Water  Company  operates  a pumping  station  at  the 
mouth  of  the  South  Branch  Codorus  Creek  where  it  is  required  to  maintain  a 
flow  no  less  than  3.8  mgd,  which  is  partly  derived  from  two  upstream 
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reservoirs.  The  combined  flow  of  the  two  creeks  is  approximately  36  mgd  at 
the  uses  gage  in  West  York,  just  upstream  of  Richland  Avenue.  About 
37  percent  of  this  flow  is  the  treated  discharge  from  P.  H.  Glatfelter 
Company.  Two  sewage  treatment  plants  (STPs)  lie  downstream  of  the  City  of 
York.  The  York  STP  discharges  approximately  15  mgd,  and  Springettsbury  STP 
discharges  10  mgd.  Water  removed  from  the  South  Branch  via  the  York  Water 
Company  does  not  re-enter  Codorus  Creek  until  it  is  treated  at  the  two  STPs; 
thus,  it  bypasses  the  USGS  gage  at  West  York.  Flows  at  the  mouth  of  Codorus 
Creek  average  65-70  mgd,  of  which  60  percent  is  treated. 

The  depth  equivalent  of  long-term  average  discharge  is  significantly 
greater  at  Lewisburg  than  at  Danville.  This  is  probably  because  the  Lewisburg 
basin  has  the  higher  annual  precipitation.  The  average  annual  precipitation 
in  the  basin  above  Lewisburg  is  41.60  inches,  which  is  12  percent  more  than 
the  37.06  inches  in  the  basin  above  Danville. 

Long-term  discharge  from  the  West  Conewago  Creek,  the  Codorus  Creek,  and 
the  Conestoga  River  basins  is  less  than  long-term  runoff  from  the  upper 
Susquehanna  River  basin.  Long-term  discharge  from  the  West  Conewago  Creek 
basin  is  15.65  in.  The  long-term  discharge  from  the  Codorus  Creek  basin  above 
York,  after  adjusting  for  diversion,  was  14.99  in,  and  long-term  discharge 
from  the  Conestoga  River  basin  is  16.95  in.  Long-term  discharge  from  the 
Susquehanna  River  basin  above  Harrisburg  is  19.27  in. 

LAND  USE 

Land  use  in  the  Susquehanna  River  basin  is  predominantly  rural. 
Woodland  accounts  for  63  percent  of  land  use;  grassland,  7 percent: 
cultivated,  19  percent;  and  urban,  9 percent.  Woodland  occupies  the  higher 
elevations  of  the  northern  and  western  basin  and  much  of  the  mountain  and 
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ridge  land  in  the  Juniata  and  the  lower  Susquehanna  River  basin.  Most  of  the 
grassland  is  in  the  northern  basin.  Farmers  in  the  northern  basin  use  more 
land  for  pasture  and  hay  and  less  for  cultivated  crops  because  of  the  shorter 
and  more  uncertain  growing  season.  Woods  and  grasslands  occupy  areas  in  the 
lower  basin  that  are  unsuitable  for  cultivation  because  the  slopes  are  too 
steep,  the  soils  are  too  stony,  or  the  soils  are  poorly  drained. 

Most  of  the  cultivated  land  is  in  the  lower  basin,  however,  extensive 
areas  are  cultivated  along  the  river  valleys  in  southern  New  York  and  along 
the  West  Branch  Susquehanna  River  from  Northumberland  to  Lock  Haven,  including 
the  Bald  Eagle  Creek  valley.  Major  urban  areas  in  the  lower  basin  include 
the  York,  Lancaster,  Harrisburg,  and  Sunbury  areas.  Most  of  the  urban  areas 
in  the  northern  basin  are  along  the  river  valleys.  They  include  the 
Binghamton  and  the  Elmira-Corning  areas  in  New  York,  and  the  Scranton  and 
Wilkes-Bare  areas  in  Pennsylvania.  The  major  urban  areas  in  the  West  Branch 
Susquehanna  River  basin  are  the  Williamsport  and  Lock  Haven  areas. 

Using  county  based  agricultural  data,  Hannawald  (Chesapeake  Bay  Liaison 
Office,  U.S.  EPA,  written  communication,  1989)  tabulated  land  use  and  manure 
information  by  subbasins  for  the  Susquehanna  River  basin.  A summary  of  that 
data  for  1985  is  listed  in  table  5 for  the  basins  where  nutrient  data  were 
collected . 


BASE-FLOW  NUTRIEHT  AND  SUSPENDED- SEDIMENT  CONCENTRATIONS 

Summary  statistics  (maximums , minimums  and  means)  of  base-flow  data  for 
all  sites  are  categorized  by  season  and  period  of  record  and  provided  in 
Appendix  B.  Nutrient  concentration  data  for  three  contrasting  sites  are 
presented  and  discussed  in  detail  as  examples  of  how  base-flow  nutrient 
concentrations  vary  throughout  the  year.  This  concentration  variation  is  a 
significant  factor  in  load  determination  because  the  concentration  and 
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corresponding  discharge  data  are  used  to  determine  the  nutrient  loads.  The 
Susquehanna  River  at  Danville  is  located  in  the  upper  basin  where  a large 
urban  area  borders  the  river.  Sherman  Creek  drains  an  area  in  the  mid-section 
of  the  basin  with  mixed  land  uses  and  without  any  major  population  centers. 
The  Conestoga  River  drains  a largely  agricultural  area  that  contains  a large 
urban  center  with  a major  regional  sewage-treatment  plant. 

Water  discharge  and  concentrations  of  nutrients  and  suspended  sediment 
in  samples  collected  during  base-flow  periods  were  averaged  for  each  month  and 
analyzed  to  determine  seasonal  trends  and  the  percentage  of  the  annual  loads 
carried  by  base  flows.  For  purposes  of  this  report,  the  seasons  are  defined 
as  winter  (January,  February,  and  March),  spring  (April,  May,  and  June), 
summer  (July,  August,  and  September),  and  fall  (October,  November,  and 
December) . 

Susquehanna  River  at  Danville,  Pa. 

The  monthly  mean  water  discharges  and  monthly  mean  concentrations  of 
nutrients  and  suspended  sediment  are  listed  in  table  6 for  the  period  1985-89. 

Concentrations  of  nitrite  plus  nitrate,  total  ammonia,  and  suspended 
sediment  varied  more  than  100  percent  from  summer  to  winter.  Nitrite  plus 
nitrate  concentrations  (as  nitrogen)  averaged  0.52  mg/1  during  summer , and 
1.13  mg/1  during  winter.  Total  ammonia  concentrations  (as  nitrogen)  averaged 
0.04  mg/1  during  summer  and  0.12  mg/1  during  winter.  Concentrations  of 
suspended  sediment  were  lower  in  winter,  averaging  12  mg/1,  than  in  summer, 
16  mg/1.  Total  organic  nitrogen  was  higher  in  summer  than  in  winter,  0.57 
versus  0.41  mg/l.  However,  the  increase  in  organic  nitrogen  concentrations  in 
summer  was  not  enough  to  offset  the  lower  concentrations  of  nitrite  plus 
nitrate  and  ammonia;  consequently,  concentrations  of  total  nitrogen  also  were 
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TABLE  6. — Monthly  mean  base-flow  discharge  and  corresponding  monthly  mean  concentrations 

of  nutrients  and  suspended  sediment 
transported  by  the  Susquehanna  River  at  Danville,  Pa., 

calendar  years  1985-89 
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lower  in  summer  than  in  winter,  1.12  versus  1.66  mg/1.  Concentrations  of 
dissolved  and  total  phosphorus  were  higher  in  summer,  0.028  and  0.08  mg/1, 
respectively,  than  in  winter,  0.025  and  0.06  mg/1,  respectively.  Monthly 
values  of  mean  base  flows  and  concentrations  of  nitrite  plus  nitrate  are 
plotted  in  figure  3 to  illustrate  their  seasonal  variations.  Monthly  mean 
base  flows  and  concentrations  of  nitrite  plus  nitrate  for  the  West  Branch 
Susquehanna  River  at  Lewisburg;  and  for  the  Susquehanna  River  at  Danville, 
Harrisburg  and  Marietta  are  shown.  Nitrite  plus  nitrate  was  selected  for  this 
illustration  because  it  is  highly  mobile  and  shows  the  most  site-to-site 
variability. 

As  seen  in  the  figure  at  Danville,  Harrisburg  and  Marietta,  the  highest 
concentrations  generally  occurred  in  winter  and  the  lowest  concentrations  in 
summer.  Nitrite  plus  nitrate  concentrations  at  Lewisburg  were  generally 
highest  in  winter  and  lowest  in  spring,  but  showed  only  slight  seasonal 
variations  when  compared  to  concentrations  at  the  other  sites.  Seasonal 
concentrations  differed  markedly  from  site  to  site  even  though  monthly  water 
discharges,  in  cubic  feet  per  second  per  square  mile,  were  nearly  the  same  for 
all  sites. 

If  it  is  assumed  that  the  observed  monthly  mean  concentrations  are 
typical  of  those  base  flows,  they  can  be  used  to  compute  monthly  base-flow 
loads  of  nutrients  and  suspended  sediment.  The  sum  of  these  monthly  base-flow 
loads  would  then  be  an  estimate  of  the  yearly  average  base-flow  loads,  which 
can  then  be  subtracted  from  the  annual  loads  reported  in  tables  26  through  35, 
so  as  to  determine  the  weights  and  percentages  of  nutrient  and  suspended- 
sediment  loads  transported  in  base  flow  and  storm  runoff. 

Table  7 lists  the  monthly  base-flow  loads  of  nutrients  and  suspended 
sediment  that  were  calculated  from  water-discharge  and  concentration  data. 
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BASEFLOW, 

IN  CUBIC  FEET  PER  SECOND  NITRITE  PLUS  NITRATE  NITROGEN. 

PER  SQUARE  MILE  IN  MILLIGRAMS  PER  LITER 


1.8 


Q 1 L 1 1 1 1 1 1 I I 

JAN  FEB  MAR  APR  MAY  JUN  JUL  AUQ  SEP  OCT  NOV  DEO 


■ Danville  4-  Lewisburg 

* Harrisburg  ° Marietta 


FIGURE  3. — Monthly  mean  base  flow  and  nitrite  plus  nitrate  nitrogen 
concentrations  for  the  Susquehanna  River  at  Danville.  Pa., 
and  three  other  principal  sites,  1985-89 
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The  mean  base-flow  discharge  of  the  Susquehanna  River  at  Danville  was 
7,960  cfs  in  the  period  1985-89,  which  is  equivalent  to  52  percent  of  the 
long-term  mean  water  discharge  (15,300  cfs)  and  59  percent  of  mean  flow  during 
the  5 years  of  data  collection  (13,000  cfs).  During  base-flow  periods, 
59  percent  of  the  nitrite  plus  nitrate,  51  percent  of  the  total  nitrogen, 
34  percent  of  the  total  phosphorus,  and  11  percent  of  the  suspended  sediment 
was  transported.  Monthly  base-flow  loads  of  all  constituents  were  much  higher 
during  winter  than  during  summer.  The  total  nitrite  plus  nitrate  load  during 
winter  was  5,430,000  pounds,  or  nearly  six  times  that  of  the  summer  months. 

Sherman  Creek  at  Shermans  Dale.  Pa. 

Concentrations  of  nutrients  and  suspended  sediment  in  the  samples 
collected  from  Sherman  Creek  during  periods  of  base  flow  are  summarized  in 
Table  8.  Concentrations  of  nitrite  plus  nitrate  were  highest  in  the  base-flow 
samples  collected  during  winter,  but  concentrations  of  total  ammonia,  total 
organic  nitrogen,  dissolved  and  total  phosphorus,  and  suspended  sediment  were 
highest  in  the  base-flow  samples  collected  during  the  summer  months.  Seasonal 
variations  in  constituent  concentrations  at  Shermans  Dale  differed  from  those 
observed  at  Danville,  except  for  nitrite  plus  nitrate.  Nitrite  plus  nitrate 
concentrations  in  the  base-flow  samples  averaged  1.55  mg/1  during  winter  and 
0.68  mg/1  during  summer.  Total  ammonia  and  total  organic  nitrogen 
concentrations  averaged  0.023  and  0.29  mg/1,  respectively,  during  winter,  and 
0.042  and  0.38  mg/1,  respectively,  during  siimmer.  Concentrations  of  total 
nitrogen  averaged  1.86  mg/1  during  winter  and  1.10  mg /I  during  summer. 
Dissolved  and  total  phosphorus  concentrations  averaged  0.022  and  0.028  mg/1 
during  winter,  and  0.037  and  0.057  mg/1  during  summer.  Suspended-sediment 
concentrations  averaged  5 mg/l  during  winter  and  8 mg/l  during  summer. 
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Monthly  values  of  mean  base  flows  and  nitrite  plus  nitrate 
concentrations  are  plotted  in  figure  4 for  Sherman  Creek,  Paxton  Creek, 
Swatara  Creek,  West  Conewago  Creek,  Codorus  Creek  at  York,  and  the  Conestoga 
River.  Nitrite  plus  nitrate  concentrations  for  Sherman  Creek  were  highest  in 
winter  and  lowest  in  summer.  This  seasonal  variation  in  concentrations  was 
generally  the  same  for  the  other  sites,  except  for  Swatara  Creek  which  had  the 
highest  concentrations  in  summer.  Generally,  the  highest  concentrations 
coincided  with  the  highest  base  flows  at  each  of  the  sites,  except  for  Swatara 
Creek  where  low  concentrations  occurred  in  the  high  flows.  Seasonal 
concentrations  differed  significantly  from  site-to-site,  even  when  water 
discharges  were  similar. 

Table  9 lists  the  mean  water  discharges  in  Sherman  Creek,  during  the 
base-flow  sampling  period,  and  the  monthly  and  annual  base-flow  loads  of 
nutrients  and  suspended  sediment.  The  mean  base-flow  discharge  in  the  period 
1985-89  (119  cfs),  equals  41  percent  of  the  long-term  mean  water  discharge 
(288  cfs),  and  47  percent  of  the  water  discharged  during  the  5 years  of  data 
collection.  The  mean  base-flow  load  of  nitrite  plus  nitrate  transported  by 
Sherman  Creek  during  the  period  of  1985-89  was  286,000  Ibs/year,  or  42  percent 
of  the  annual  load.  The  suspended-sediment  load  transported  by  base  flow  was 

1.370.000  Ibs/yr,  or  3.2  percent  of  the  annual  sediment  load. 

The  total  nitrogen  load  transported  by  base  flow  averaged 

371.000  Ibs/yr,  or  35  percent  of  the  annual  total  nitrogen  load.  The  total 
phosphorus  load  transported  by  base  flow  was  8,990  Ibs/yr,  or  17  percent  of 
the  annual  total  phosphorus  load. 
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BASEFLOW, 

IN  CUBIC  FEET  PER  SECOND  NITRITE  PLUS  NITRATE  NITROGEN, 

PER  SQUARE  MILE  IN  MILLIGRAMS  PER  LITER 


■ Shermans  Dale  + Manchester  * Hershey 

° Conestoga  X York  ^ Penbrook 


FIGURE  4.  Monthly  mean  base  flow  and  nitrite  plus  nitrate  nitrogen 
concentrations  for  Sherman  Creek  at  Shermans  Dale,  Pa., 
and  other  tributary  streams,  1985-89 
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TABLE  9. — Monthly  and  annual  mean  base-flow  discharge,  nutrient,  and  suspended-sediment  loads 

transported  by  Sherman  Creek  at  Shermans  Dale,  Pa., 
calendar  years  1985-89 
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Annual  119  286  6.46  78.1  6.30  1.07  8.99  1,370 


Conestoga  River  at  Conestoga,  Pa. 


Concentrations  of  nutrients  in  the  Conestoga  River  changed  during 
May  1988.  A summary  of  the  concentrations  of  nutrients  and  suspended  sediment 
in  samples  collected  during  periods  of  base  flow  from  January  1985  through 
May  1988  given  in  table  10,  and  a summary  of  the  base-flow  loads  of  suspended 
sediment  and  nutrients  for  the  same  period  is  given  in  table  11.  The  base- 
flow  loads  of  nutrients  and  suspended  sediments  were  calculated  using  solely 
base-flow  discharges  for  the  respective  sampling  periods.  A summary  of  the 
concentrations  in  base-flow  samples  collected  from  June  1988  through  December 
1989  given  in  table  12,  and  a siimmary  of  the  base-flow  loads  for  the  same 
period  is  given  in  table  13.  The  change  in  base-flow  concentrations  occurred 
when  a sewage  treatment  plant  in  Lancaster  was  upgraded  to  provide  for 
reductions  in  ammonia  and  phosphorus.  Total  ammonia  concentrations  changed 
the  most.  From  January  1985  through  May  1988,  the  concentrations  of  ammonia 
in  the  base  flow  averaged  0.29  mg/;  after  May  1988,  the  concentrations  of 
ammonia  in  the  base  flow  averaged  0.06  mg/1,  representing  a decrease  of  about 
79  percent. 

Concentrations  of  total  organic  nitrogen,  and  dissolved  orthophosphate, 
and  total  phosphorus  were  lower  in  samples  of  base  flow  collected  after  May 
1988  than  in  earlier  samples.  Total  organic  nitrogen  concentrations  decreased 
from  an  average  of  0.81  to  an  average  of  0.53  mg/1,  a reduction  of  35  percent; 
dissolved  phosphorus  concentrations  decreased  from  an  average  of  0.30  to  0,18 
mg/l,  a reduction  of  40  percent;  orthophosphate  concentrations  decreased  from 
a average  of  0.23  to  0.13  mg/l,  a reduction  of  43  percent;  and  total 
phosphorus  concentrations  decreased  from  an  average  of  0,37  to  0.22  mg/l,  a 
reduction  of  40  percent.  Values  of  monthly  mean  base-flow  discharges  and 
nitrite  plus  nitrate  concentrations  are  plotted  in  figure  5 for  the  periods 


TABLE  10. — Monthly  mean  base-flow  discharge  and  corresponding  monthly  mean  concentrations 

of  nutrients  and  suspended  sediment 
transported  by  Conestoga  River  at  Conestoga,  Pa., 

January  1985-May  1988 
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TABLE  12.  Monthly  mean  base-flow  discharge  and  corresponding  monthly  mean  concentrations 

of  nutrients  and  suspended  sediment 
transported  by  Conestoga  River  at  Conestoga,  Pa., 

June  1988-December  1989 
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TABLE  13. — Monthly  and  annual  mean  base-flow  discharge,  nutrient,  and  suspended-sediment  loads 

transported  by  the  Conestoga  River  at  Conestoga,  Pa., 

June  1 988-December  1989 
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BASEFLOW,  NITRITE  PLUS  NITRATE  NITROGEN. 

IN  CUBIC  FEET  PER  SECOND  IN  MILLIGRAMS  PER  LITER 


FIGURE  5. — Monthly  mean  base  flow  and  nitrite  plus  nitrate  nitrogen 
concentrations,  Conestoga  River  at  Conestoga,  Pa., 

January  1985-May  1988  and  June  1988-December  1989 
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Janxiary  1985-May  1988  and  June  1 988-December  1989.  Total  nitrite  plus  nitrate 
concentrations  during  base-flow  periods  appeared  to  increase.  The  average 
concentration  in  samples  of  base  flow  collected  from  January  1985  through  May 
1988  was  7.80  mg/1,  and  the  average  concentration  after  May  1988  was 
8.32  mg/1,  for  an  increase  of  7 percent. 

Seasonal  variation  was  noted  in  the  concentrations  of  nutrients  and 
suspended  sediment  in  the  base-flow  samples  collected  from  the  Conestoga 
River.  During  the  period  from  January  1985  through  May  1988,  total  ammonia 
concentrations  averaged  0.09  mg/1  during  summer  and  0.53  mg/1  during  winter. 
After  May  1988,  the  concentrations  of  total  ammonia  averaged  0.05  mg/1  during 
summer  and  0.05  mg/1  during  winter.  From  January  1985  through  May  1988,  total 
phosphorus  concentrations  averaged  0.53  mg/l  in  summer  and  0.26  mg/l  during 
winter.  After  May  1988,  the  concentration  of  total  phosphorus  averaged 
0.28  mg/l  during  summer  and  0.19  mg/l  during  winter.  Suspended-sediment 
concentrations  during  base-flow  periods  were  not  affected  by  the  improvements 
to  the  sewage-treatment  plant;  they  averaged  23  mg/l  from  January  1985  through 
May  1988,  and  26  mg/l  after  May  1988.  For  the  entire  5-year  period, 
suspended-sediment  concentrations  in  base  flow  averaged  22  mg/l  during  winter 
and  33  mg/l  during  summer. 

Loads  of  nutrients  transported  by  the  Conestoga  River  during  periods  of 
base  flow  also  changed  in  1988.  From  January  1985  through  May  1988,  the 
annual  base-flow  load  of  total  ammonia  was  228,000  pounds;  after  May  1988,  the 
annual  base-flow  load  was  39,800  pounds,  representing  a decrease  of 
83  percent.  Annual  loads  of  total  ammonia  decreased  188,000  pounds  and  annual 
loads  of  total  organic  nitrogen  decreased  by  197,000  pound;,  however,  annual 
loads  of  total  nitrite  plus  nitrate  increased  by  570,000  pounds.  The  apparent 
net  increase  in  base-flow  total  nitrogen  loads  is  185,000  pounds,  for  an 
increase  of  2.9  percent. 
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Base-flow  loads  of  dissolved  orthophosphate  and  total  phosphorus  also 
decreased  after  May  1988.  Dissolved  phosphorus  loads  decreased  69,000  pounds, 
orthophosphate  decreased  55,000  pounds,  and  total  phosphorus  loads  decreased 
77,000  pounds  annually  after  May  1988. 

The  mean  water  discharge  of  base  flows  was  353  cfs  in  the  period  January 
1985  through  May  1988,  and  it  was  372  cfs  after  May  1988;  these  flows  are  60 
and  63  percent,  respectively,  of  the  long-term  mean  of  587  cfs.  Although  base 
flow  represented  62  percent  of  the  average  water  discharged  from  January  1985 
to  December  1987,  the  annual  nitrite  plus  nitrate  load  transported  by  base 
flow  for  this  same  period  was  5,530,000  Ibs/yr,  or  73  percent  of  the  total 
annual  load. 

The  base-flow  load  of  total  ammonia  calculated  from  the  data  collected 
from  January  1985  through  May  1988  averaged  228,100  Ibs/yr,  which  was 
41  percent  of  the  total  annual  load  of  ammonia  for  the  period.  The  base-flow 
load  of  total  ammonia  calculated  from  the  data  collected  after  May  1988 
averaged  39,800  Ibs/yr,  or  21  percent  of  the  total  annual  load.  Loads  of 
total  nitrogen  transported  by  base  flow  in  the  two  periods  were  63  and 
48  percent,  respectively,  of  the  gross  annual  total  nitrogen  loads.  The  loads 
of  total  phosphorus  transported  by  base  flow  were  34  and  20  percent  of  the 
gross  annual  total  phosphorus  loads  transported  during  the  periods  January 
1985  through  December  1987  and  calendar  year  1989,  respectively. 

Base-flow  highlights  for  the  three  sampling  sites  are  as  follows.  Base 
flow  for  the  Susquehanna  River  at  Danville  accounts  for  approximately  60 
percent  of  the  total  streamflow.  Base  flow  carries  half  of  the  annual  TN  load 
and  approximately  one-third  of  the  TP  load.  Inorganic  nitrogen  makes  up  two- 
thirds  of  the  TN  load.  Total  nitrogen  concentrations  are  lowest  in  summer  and 
highest  in  winter,  while  TP  concentrations  are  lowest  in  fall  and  highest  in 
summer. 
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Base  flow  for  Sherman  Creek  at  Shermans  Dale  comprises  slightly  less 
than  50  percent  of  the  total  streamflow.  Base  flow  carries  approximately  one- 
third  of  the  annual  TN  load  and  one-sixth  of  the  TP  load.  Inorganic  nitrogen 
makes  up  less  than  10  percent  of  the  TN.  Total  nitrogen  concentration  are 
lowest  in  simmer  and  highest  in  winter,  while  TP  concentrations  are  lowest  in 
winter  and  highest  in  summer. 

Base  flow  for  the  Conestoga  River  at  Conestoga  accounts  for 
approximately  60  percent  of  the  total  streamflow.  Base  flow  carries  60 
percent  of  the  annual  TN  load  and  approximately  30  percent  of  the  TP  load. 
Inorganic  nitrogen  comprises  90  percent  of  the  TN  load.  Total  nitrogen 
concentrations  are  lowest  in  summer  and  highest  in  winter,  while  TP 
concentrations  are  lowest  in  winter  and  highest  in  summer. 


STORMFLOW  NUTRIENT  AND  SUSPENDED-SEDIMENT  CONCENTRATIONS 

Statistics  (maximums,  minimum s , and  means)  of  stormflow  data  collected 
at  all  sites  are  also  summarized  by  season  and  period-of-record  in  Appendix  B. 

Concentrations  of  nutrients  and  suspended  sediment  can  change  rapidly  as 
water  discharge  changes  during  storms.  The  patterns  of  variation  in  these 
concentrations  can  differ  for  similar-sized  storms  that  occur  just  a few  days 
apart;  also,  there  can  be  seasonal  differences.  The  variabilities  in 
constituent  concentrations  dictates  the  number  of  samples  needed  to  compute 
loads  of  a selected  accuracy.  The  greater  the  variation  in  nutrient  and 
suspended-sediment  concentrations,  the  larger  the  number  samples  required  to 
compute  the  loads.  This  variability  in  stormflow  constituent  concentrations 
is  apparent  when  looking  at  data  collected  during  stormflow  at  the  same  three 
sites  that  were  discussed  for  base-flow  conditions — the  Susquehanna  River  at 
Danville,  Sherman  Creek  at  Shermans  Dale,  and  the  Conestoga  River  at 
Conestoga . 
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Seasonal  graphs  of  stormflow  concentrations  were  plotted. 

Concentrations  for  the  samples  were  plotted  against  the  difference  between 

times  of  sampling  and  the  times  of  peak  flow.  Nutrient  and  sediment 
concentrations  in  samples  collected  at  the  time  of  peak  flow  were  plotted  at  a 
time  difference  of  zero.  The  resultant  seasonal  hydrographs  of  concentration 
and  flow  were  used  to  determine  average  water  discharge  and  average  nutrient 
and  suspended-sediment  concentrations  for  selected  intervals  before,  at,  and 
after  peak  flows.  For  Danville,  concentrations  were  determined  from  4 days 
before  peak  flow  to  7 days  after.  For  Shermans  Dale  and  Conestoga, 

concentrations  were  determined  from  24  hours  before  peak  flow  to  48  hours 

after. 

Susquehanna  River  at  Danville,  Pa. 

The  Susquehanna  River  at  Danville  was  sampled  during  13  storms,  three 
during  winter,  seven  during  spring,  one  during  summer,  and  two  during  fall. 
Daily  water  discharges  and  the  mean  concentrations  of  suspended  sediment, 
ammonia,  nitrite  plus  nitrate,  total  organic  nitrogen,  dissolved  phosphorus, 
and  total  phosphorus  are  given  in  tables  14  through  17  for  the  four  calendar 
quarters,  respectively. 

The  mean  high-water  discharge  of  the  Susquehanna  River  at  Danville  was 

130.000  cfs  for  the  three  storms  sampled  during  winter  (table  14).  Flow  in 
the  river  averaged  25,000  cfs  at  4 days  before  the  peaks;  it  decreased  to 

32.000  cfs  at  7 days  after  the  peaks. 

The  mean  concentration  of  nitrite  plus  nitrate  decreased  from  1.10  mg/1 
at  4 days  before  the  peak  water  discharge  to  0.88  mg/1  at  1 to  2 days  after 
the  peak  flow;  it  then  increased  to  1.12  mg/1  at  7 days  after  the  peak  flow. 
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concentrations  during  winter  storms, 
Susquehanna  River  at  Danville,  Pa., 
calendar  years  1985-89 
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Concentrations  of  ammonia  were  0.08  mg/1  at  4 days  before  the  peak  flow. 
They  increased  to  0.13  mg/1  at  4 to  6 days  after  the  peak  flow. 
Concentrations  of  total  organic  nitrogen,  total  phosphorus,  and  suspended 
sediment  increased  as  streamflow  increased,  peaked  at  about  the  same  time  as 
streamflow  and  decreased  as  streamflow  decreased.  The  maximvim  concentrations 
of  the  three  constituents  were  1.60,  0.20,  and  550  mg/1,  respectively. 

Daily  mean  water  discharges  at  Danville,  in  the  period  from  4 days 
before  the  peak  to  7 days  after  the  peak  of  streamflow  for  the  seven  flood 
flows  sampled  during  spring,  are  listed  in  table  15,  along  with  the  average 
daily  concentrations  of  nutrients  and  suspended  sediment.  Water  discharge 
averaged  20,000  cfs  at  4 days  before  peak  flow.  The  average  peak  flow  of  the 
seven  storms  was  80,000  cfs.  The  average  water  discharge  of  the  seven  storms 
was  24,000  cfs  at  7 days  after  peak  flow.  Nitrite  plus  nitrate  concentrations 
averaged  0.72  mg/1  at  4 days  before  the  peak  flow,  decreased  slightly  to  0.71 
mg/1  at  the  peak  flow,  and  then  increased  to  average  0.80  mg/1  at  5-7  days 
after  the  peak  flow. 

Concentrations  of  ammonia  in  the  Susquehanna  River  at  Danville  averaged 
0.06  mg/1  at  the  start  of  the  storms,  remained  at  about  0.06  mg/l  until  after 
the  peak  flow,  and  then  increased  to  0.08  mg/l  at  2 days  after  the  peak  flow. 
Concentrations  of  ammonia  declined  to  0.05  mg/l  at  7 days  after  the  peak  flow. 

Concentrations  of  total  organic  nitrogen,  total  phosphorus,  and 
suspended  sediment  increased  as  streamflow  increased,  peaked  when  flow  peaked, 
and  decreased  as  streamflow  decreased.  Concentrations  of  total  organic 
nitrogen  averaged  0.40  mg/l  at  the  start  of  the  storms,  increased  to  1.35  mg/l 
at  the  peak  flow,  and  decreased  to  0.50  mg/l  at  7 days  after  the  peak  flow. 
Concentrations  of  total  phosphorus  increased  from  0.09  mg/l  at  4 days  before 
the  peak  flow  to  0.25  mg/l  at  the  peak  flow  and  decreased  to  0.11  mg/l  at 
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7 days  after  the  peak  flow.  Daily  suspended-sediment  concentrations  averaged 
20  mg/1  at  4 days  before  the  peak  flow,  350  mg/l  at  the  time  of  peak  flow,  and 
then  decreased  to  20  mg/l  at  7 days  after  the  peak  flow. 

Data  from  flood  flows  sampled  during  summer  are  listed  in  table  16.  The 
peak  flow  was  15,000  cfs  and  the  peak  suspended-sediment  concentration  was 
135  mg/l.  Ammonia  concentrations  were  0.10  mg/l  while  streamflow  was 
increasing,  0.11  mg/l  at  peak  flow,  and  0.07  mg/l  at  2 days  after  peak  flow. 
The  peak  nitrite  plus  nitrate  concentration  was  1.03  mg/l;  the  peak 
concentration  of  total  organic  nitrogen  was  0.90  mg/l;  and  the  peak 
concentration  of  total  phosphorus  was  0.25  mg/l. 

Two  storms  were  sampled  during  fall  (table  17).  The  peak  water 
discharge  of  the  Susquehanna  River  at  Danville  was  38,200  cfs  for  the  first 
storm  and  41,800  cfs  for  the  second  storm.  The  peak  suspended-sediment 
concentration  was  88  mg/l  for  the  first  storm  and  122  mg/l  for  the  second 
storm.  The  average  daily  nitrite  plus  nitrate  concentration  at  4 days  before 
the  peak  flow  was  1.00  mg/l;  it  increased  to  1.05  mg/l  before  decreasing  to 
0.78  mg/l  at  2 days  after  peak  flow.  The  average  concentration  of  nitrite 
plus  nitrate  was  0.90  mg/l  at  5 days  after  peak  flow. 

Ammonia  concentrations  in  the  river  averaged  0.04  mg/l  at  the  start  of 
the  storms.  They  increased  to  0.09  mg/l  at  2 days  before  peak  flow,  then 
decreased  to  0.06  mg/l  at  peak  flow,  and  remained  at  about  0.06  mg/l  during 
the  recession.  Concentrations  of  total  organic  nitrogen  ranged  from  0.55  to 
0.90  mg/l.  They  were  0.60  mg/l  at  the  start  of  the  storm  and  0.90  mg/l  at  the 
end.  Total  phosphorus  concentrations  were  0.07  mg/l  at  the  start  of  the 
storm;  they  increased  to  0.13  mg/l  at  1 day  before  peak  flow,  decreased  to 
0.08  mg/l  at  2 days  after  peak  flow,  and  remained  at  that  level  for  the  next 
3 days. 


50 


Storm-water  discharges  and  concentrations  of  nitrite  plus  nitrate  are 
plotted  for  each  season  in  figure  6.  The  discharge  hydrographs  show  that 
winter  storms  had  the  highest  flow.  Summer  storms  caused  the  smallest 
seasonal  rises  in  the  Susquehanna  River  at  Danville;  however,  nitrite  plus 
nitrate  concentrations  were  as  high  in  summer  as  in  winter  and  tended  to 
increase  with  increasing  flows.  Nitrite  plus  nitrate  concentrations  for 
winter,  spring,  and  fall  storms  generally  decreased  as  water  discharge 
increased,  with  the  minimum  concentration  occurring  after  peak  flows.  The 
concentrations  increased  as  water  discharge  decreased. 

Sherman  Creek  at  Shermans  Dale.  Pa. 

Sherman  Creek  drains  an  area  that  is  24  percent  agricultural  and 
70  percent  forested.  Very  little  urban  area  is  in  the  basin  (table  5).  Data 
from  storms  sampled  from  1985  through  1989  is  summarized  by  seasons  in 
tables  18  through  21.  Average  water  discharges  and  mean  concentrations  of 
suspended  sediment,  ammonia,  nitrite  plus  nitrate,  total  organic  nitrogen, 
dissolved  phosphorus,  and  total  phosphorus  are  listed  in  the  tables. 

Three  storms  were  sampled  in  winter,  nine  were  sampled  in  spring,  four 
were  sampled  in  summer,  and  four  were  sampled  in  fall.  Table  18  lists  the 
mean  values  of  water  discharge,  suspended  sediment,  and  nutrients  from  the 
storms  sampled  in  winter.  The  data  is  for  the  period  from  24  hours  before  the 
time  of  peak  flow  to  48  hours  after  peak  flow.  Hourly  average  water  discharge 
of  the  storms  sampled  during  winter  ranged  from  400  cfs  at  24  hours  before  the 
peak,  to  1,450  cfs  at  peak  flow,  and  decreased  to  650  cfs  at  48  hours  after 
peak  flow. 
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STORMFLOW, 

IN  THOUSANDS  OF  CUBIC  FEET  NITRITE  PLUS  NITRATE  NITROGEN. 

PER  SECOND  IN  MILLIGRAMS  PER  LITER 


DAYS  BEFORE  AND  AFTER  PEAK  WATER  DISCHARGE 


DAYS  BEFORE  AND  AFTER  PEAK  WATER  DISCHARGE 


FIGURE  6. — Comparison  of  seasonal  stormflow  and  average  nitrite 
plus  nitrate  nitrogen  concentrations, 

Susquehanna  River  at  Danville,  Pa.,  1985-89 


TABLE  18. — Hourly  water  discharge  and  average  nucrienc  ana  uumjenueu 

concentrations  during  winter  storms, 

Sherman  Creek  at  Shermans  Dale,  Pa., 
calendar  years  1985-89 
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Sherman  Creek  at  Shermans  Dale,  Pa. 
calendar  years  1985-89 
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Suspended-sediment  concentrations  averaged  10  mg/1  near  the  start  of  the 
storms,  increased  to  70  mg/1  at  6 hours  before  the  time  of  peak  streamflow, 
and  then  declined  to  about  25  mg/1  at  48  hours  after  the  peak.  Concentrations 
of  total  ammonia,  total  organic  nitrogen,  nitrite  plus  nitrate,  dissolved 
phosphorus,  and  total  phosphorus  also  varied  during  the  storms,  but  over  a 
much  smaller  range.  Total  ammonia  ranged  from  0.04  mg/l  to  0.12  mg/1  and 
total  organic  nitrogen  ranged  from  0.30  to  0.70  mg/l.  Minimum  concentrations 
of  total  ammonia  and  total  organic  nitrogen  generally  occurred  at  the 
beginning  of  a storm  and  maximum  concentrations  generally  occurred  near  the 
time  of  peak  streamflow.  Total  nitrite  plus  nitrate  ranged  from  1.60  mg/l  at 
the  beginning  of  storms  to  2.1  mg/l  at  the  time  of  peak  flow;  it  declined  to 
2.0  mg/l  by  48  hours  after  the  time  of  peak  flow.  The  increase  in 
concentrations  of  nitrite  plus  nitrate  is  the  opposite  of  the  relation 
observed  in  the  Susquehanna  River  at  Danville,  where  concentrations  declined 
as  streamflow  increased  and  minimum  concentrations  occurred  at  the  time  of 
maximum  water  discharge.  Concentrations  of  total  nitrogen,  not  listed  on 
table  18,  ranged  from  1.94  mg/l  at  the  start  of  the  storms,  to  2.82  mg/l  at 
the  time  of  peak  flow.  They  declined  slowly  to  2.55  mg/l  at  24  hours  after 
the  time  of  the  peak  flow. 

Dissolved  phosphorus  concentrations  in  Sherman  Creek  varied  only 
slightly  during  the  winter  storms.  Average  concentrations  for  the  three 
storms  ranged  from  about  0.04  mg/l  at  24  hours  before  the  peak  flow  to 
0.06  mg/l  at  the  time  of  peak  flow.  Concentrations  returned  to  0.04  mg/l  at 
48  hours  after  peak  flow.  Concentrations  of  total  phosphorus  increased  from 
0.05  mg/l  near  the  start  of  the  storm  to  0.13  mg/l  at  4 hours  before  the  time 
of  peak  flow  and  decreased  to  0.05  mg/l  at  48  hours  after  peak  flow.  The 
maximum  concentration  of  total  phosphorus  in  any  storm  flows  that  were  sampled 
during  winter  was  0.20  mg/l. 
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Table  19  lists  the  average  hourly  values  of  water  discharge  and 
concentrations  of  suspended  sediment  and  nutrients  for  the  nine  springtime 
storms  sampled  from  1985  through  1989  at  Sherman  Creek.  The  average  peak 
discharge  from  the  nine  storms  was  3,600  cfs.  Peak  discharge  for  six  of  the 
nine  storms  ranged  from  2,220  to  3,970  cfs;  one  had  a peak  flow  of  11,900  cfs, 
and  two  had  peak  discharges  less  than  1,600  cfs.  Average  streamflow  at  the 
start  of  the  storms  was  350  cfs  and  48  hours  after  the  peak  discharge  the  flow 
was  1,100  cfs.  Suspended-sediment  concentrations  ranged  from  about  30  mg/l  at 
24  hours  before  the  time  of  peak  flow  to  500  mg/l  at  the  time  of  peak  flow. 
They  then  decreased  to  30  mg/l  at  48  hours  after  the  peak.  The  maximum 
observed  suspended-sediment  concentration  was  1,530  mg/l  at  2 hours  before  the 
time  of  peak  flow  for  the  storm  of  June  21,  1989.  By  the  time  of  peak  flow 
the  suspended-sediment  concentration  had  declined  to  1,220  mg/l,  and  by 
2 hours  after  the  time  of  peak  flow  the  suspended-sediment  concentration  had 
declined  to  690  mg/l. 

Average  total  ammonia  concentrations  in  storm  flows  sampled  in  spring 
increased  from  0.04  mg/l  at  the  start  of  the  storms  to  0.12  mg/l  at  2 hours 
before  the  time  of  peak  flow,  and  then  decreased  to  0.04  mg/l  at  4 hours  after 
the  peak  flow.  The  maximum  observed  concentration  was  0.25  mg/l  for  the  storm 
of  April  1,  1987.  Average  total  organic  nitrogen  concentrations  for  the  nine 
storms  increased  from  0.50  mg/l  at  the  start  to  1.5  mg/l  at  the  time  of  peak 
flow,  and  then  decreased  to  0.50  mg/l  at  48  hours  after  peak  flow.  The 
maximum  concentration  of  total  organic  nitrogen,  which  occurred  during  the 
storm  of  June  21,  1989  was  4.7  mg/l  at  2 hours  before  the  peak  flow.  The 
concentration  declined  from  4.0  mg/l  at  the  time  of  peak  flow  to  2.9  mg/l  at 
2 hours  after  peak  flow.  Maximum  concentrations  of  total  organic  nitrogen 
were  below  1.8  mg/l  for  all  other  storms. 
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Average  nitrite  plus  nitrate  concentrations  during  the  nine  stOTrms 
increased  from  1.00  mg/1  at  the  start  of  the  storms  to  1.30  mg/ 1 at  the  time 
of  peak  flow,  and  then  declined  to  1.5  mg/1  at  48  hours  after  peak  flow. 
During  the  large  storm  of  June  21,  1989,  nitrite  plus  nitrate  concentrations 
were  1.56,  1.36,  and  1.14  mg/1  at  2 hours  before  peak  flow,  and  on  the  peak 
and  at  2 hours  after  peak  flow.  By  48  hours  after  the  time  of  peak  flow  on 
June  23,  1989,  the  concentration  had  increased  to  1.68  mg/1.  Water  discharge 
was  then  about  2,200  cfs. 

Average  total  nitrogen  concentrations  increased  from  1.54  mg/1  at  the 
start  of  the  storms  to  2.91  mg/1  at  the  time  of  peak  flow,  and  then  decreased 
to  2.04  mg/1  at  48  hours  after  peak  flow.  Dissolved  phosphorus  concentrations 
increased  from  0.03  mg/1  at  the  start  of  the  storms  to  0.08  mg/1  at  the  time 
of  peak  flow,  and  decreased  to  0.03  mg/1  at  48  hours  later.  The  maximum 
measured  concentration  of  dissolved  phosphorus  was  0.12  mg/1  during  the  storm 
that  occurred  on  April  1,  1987.  Average  total  phosphorus  concentrations 
ranged  from  0.09  mg/1  at  the  start  of  the  storms  to  0.29  mg/1  at  2 hours 
before  the  time  of  peak  flow;  they  then  declined  to  0.06  mg/1  at  48  hours 
later.  The  maximum  concentration  of  total  phosphorus  was  1.7  mg/l  during  the 
storm  that  occurred  on  June  21,  1989. 

Table  20  lists  the  average  hourly  values  of  water  discharge,  and 
concentrations  of  suspended  sediment  and  nutrients,  for  four  summer  storm 
flows  of  Sherman  Creek.  Peak  flows  of  the  four  storms  were  135,  850,  2,680, 
and  7,070  cfs,  for  an  average  of  2,680  cfs.  Suspended-sediment  concentrations 
increased  from  6 mg/l  at  the  start  of  the  storms  to  300  mg/l  at  4 hours  before 
the  time  of  peak  flow,  and  then  decreased  to  18  mg/l  at  48  hours  after  peak 
flow.  Total  ammonia  concentrations  increased  from  0.04  mg/l  at  the  start  of 
the  storms  to  0.18  mg/l  at  the  time  of  peak  flow,  and  fell  back  to  0.06  mg/l 
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at  48  hours  after  peak  flow.  Total  organic  nitrogen  concentrations  increased 
from  0.40  mg/1  at  the  start  of  the  storms  to  0.75  mg/1  at  the  time  of  peak 
flow,  and  then  declined  to  0.40  mg/1  at  48  hours  later.  Total  nitrite  plus 
nitrate  concentrations  increased  from  0.75  mg/1  at  the  start  of  the  storms  to 
1.30  mg/1  at  the  time  of  peak  flow,  and  then  increased  to  1.90  mg/1  at 
48  hours  later.  Dissolved  phosphorus  concentrations  increased  from  0.04  mg/1 
at  the  start  of  the  storms  to  0.09  mg/1  at  the  time  of  peak  flow,  and  then 
declined  to  0.05  mg/1  at  48  hours  later.  Total  phosphorus  concentrations 
increased  from  0.06  mg/1  at  the  start  of  the  storms  to  0.33  mg/1  for  2 to 
4 hours  before  the  time  of  peak  flow,  and  then  returned  to  0.06  mg/1  at 
48  hours  after  peak  flow. 

Table  21  lists  the  average  hourly  values  of  water  discharge,  and 
concentrations  suspended  sediment  and  nutrients,  for  four  fall  storms  sampled 
from  1985  through  1989.  The  average  peak  flow  was  1,100  cfs.  Suspended- 
sediment  concentrations  increased  from  an  average  of  10  mg/l  at  the  start  of 
the  storms  to  300  mg/l  at  the  time  of  peak  flow,  and  then  decreased  to  13  mg/l 
at  48  hours  later.  Total  ammonia  increased  from  0.04  mg/l  at  the  start  of  the 
storms  to  0.09  mg/l  at  6 hours  after  the  time  of  peak  flow,  and  then  declined 
to  0.04  mg/l  at  48  hours  later.  Total  organic  nitrogen  concentrations 
increased  from  0.55  mg/l  at  the  start  of  the  storms  to  1.30  mg/l  at  the  time 
of  peak  flow,  and  then  decreased  to  0.50  mg/l  at  48  hours  after  the  peak. 
Total  nitrite  plus  nitrate  concentrations  increased  from  1.40  mg/l  at  the 
start  of  the  storms  to  1.60  mg/l  at  the  time  of  the  peak  flow.  Concentrations 
increased  to  1.90  mg/l  at  9 hours  after  peak  flow,  and  then  decreased  to 
1.70  mg/l  at  48  hours  after  peak  flow.  Total  nitrogen  concentrations 
increased  from  1.99  mg/l  at  the  start  of  the  storms  to  2.98  mg/l  at  the  time 
of  peak  flow,  and  then  decreased  to  2.24  mg/l  at  48  hours  after  peak  flow. 
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Dissolved  phosphorus  concentrations  increased  from  0.03  mg/1  at  the  start  of 
the  storms  to  0.05  mg/ 1 at  the  time  of  peak  flow,  and  then  declined  to 
0.03  mg/1  at  48  hours  later.  Total  phosphorus  concentrations  increased  from 
0.06  mg/1  at  the  start  of  the  storms  to  0.20  mg/1  at  the  time  of  peak  flow, 
and  decreased  to  0.05  mg/1  at  48  hours  later. 

Plots  of  seasonal  storm-water  discharge  and  nitrite  plus  nitrate 
concentrations  for  Sherman  Creek  (figure  7)  differ  from  those  for  the 
Susquehanna  River  at  Danville.  Spring  storms  had  the  highest  water 
discharges,  which  was  followed  by  the  summer  storms;  winter  and  fall  had  the 
lowest  flows.  However,  winter  storms  had  the  highest  concentrations  of 
nitrite  plus  nitrate;  fall  and  summer  storms  had  lower  concentrations,  and  the 
spring  storms  had  the  lowest  concentrations.  The  concentrations  increased 
with  increasing  water  discharge  and  they  continued  to  increased  for  several 
hours  after  peak  flow;  then  they  remained  generally  constant  during  the 
remainder  of  the  recession  hydrograph  for  all  seasons.  This  contrasts  with 
the  response  at  Danville. 

Conestoga  River  at  Conestoga,  Pa. 

An  automatic  pumping  sampler  was  installed  at  Conestoga  to  collect 
samples  from  the  Conestoga  River.  Samples  were  collected  during  29  storms. 
Six  of  the  storms  occurred  during  winter,  eight  during  spring,  ten  in  summer, 
and  five  during  fall.  In  May  1988,  a new  sewage-treatment  plant  went  into 
operation  at  Lancaster.  Seventeen  storms  were  sampled  before  the  plant  went 
into  operation  and  12  were  sampled  after.  Of  the  12  storms  sampled  after  the 
treatment  plant  went  into  operation,  one  occurred  during  winter,  four  occurred 
during  spring,  four  occurred  during  summer,  and  three  occurred  during  fall. 
The  average  water  discharge  and  mean  concentrations  of  nutrients  and  suspended 
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STORWFLOW, 

IN  THOUSANDS  OF  CUBIC  FEET  NITRITE  PLUS  NITRATE  NITROGEN, 

PER  SECOND  IN  MILLIGRAMS  PER  LITER 
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HOURS  BEFORE  AND  AFTER  PEAK  WATER  DISCHARGE 


FIGURE  7. — Comparison  of  seasonal  stormflow  and  average  nitrite  plus 

nitrate  nitrogen  concentrations, 

Sherman  Creek  at  Shermans  Dale,  Pa.,  1985-89 
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sediment  that  were  determined  for  each  of  the  seasonal  storms  are  listed  in 


tables  22  through  25.  Each  table  has  two  columns  under  the  total  ammonia 
heading — one  is  for  mean  average  concentrations  from  data  collected  before  the 
treatment  plant  went  into  operation  and  the  other  is  for  mean  hourly  values 
from  data  collected  after  the  plant  went  into  operation.  All  other  data  on 
the  tables  are  hourly  averages  determined  from  graphs  of  sample  data.  The 
largest  storm  flow  sampled  at  Conestoga  occurred  on  September  9,  1987;  the 
peak  flow  was  19,000  cfs,  which  was  about  equivalent  to  a ten-year  flood  in 
the  lower  reaches  of  the  Conestoga  River. 

Water  discharges  (plotted  in  figure  8)  show  that  storms  sampled  during 
winter  and  fall  tended  to  be  smaller  than  those  sampled  during  spring  and 
summer.  Averaged  peak  water  discharge  of  storms  sampled  during  winter  and 
fall  was  4,450  cfs;  average  peak  flow  of  the  storms  sampled  during  spring  and 
summer  was  8,750  cfs.  However,  the  highest  concentrations  of  nitrite  plus 
nitrate  occurred  during  the  winter  storms;  concentrations  during  spring  storms 
were  intermediate;  and  the  lowest  concentrations  occurred  during  summer 
storms,  which  had  the  highest  flows. 

Time  plots  of  average  nitrite  plus  nitrate  concentrations  for  the 
seasonal  storms  (figure  8)  show  an  inverse  relation  to  water  discharge. 
Ammonia  concentrations  underwent  little  variation  throughout  the  storms 
sampled  before  the  sewage-treatment  plant  was  upgraded.  Ammonia 
concentrations  in  the  Conestoga  River  were  significantly  lower  and  more 
variable  during  storms  sampled  after  the  sewage  plant  went  into  operation. 
Ammonia  concentrations  at  the  time  of  peak  flow  decreased  after  May  1988  as 
follows:  from  0.6  to  0.08  mg/1  for  winter  storms,  from  0.32  to  0.26  mg/1  for 
spring  storms,  from  0.34  to  0.10  mg/1  for  summer  storms,  and  from  0.22  to 
0.12  mg/1  for  fall  storms.  Spring  storms  had  high  concentrations  when 
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TABLE  22. — Hourly  water  discharge  and  average  nutrient  and  suspended-sediment  concentrations 

during  winter  storms, 

Conestoga  River  at  Conestoga,  Pa., 
calendar  years  1985-89 
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TABLE  23. — Hourly  water  discharge  and  average  nutrient  ana  auspenaeu-beuruniUL  v-uu 

during  spring  storms, 

Conestoga  River  at  Conestoga,  Pa., 
calendar  years  1985-89 
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TABLE  24. — Hourly  water  discharge  and  average  nutrient  and  suspended-sediment  concentrations 

during  summer  storms, 

Conestoga  River  at  Conestoga,  Pa., 
calendar  years  1985-89 
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STORMFLOW, 

IN  THOUSANDS  OF  CUBIC  FEET  NITRITE  PLUS  NITRATE  NITROGEN, 

PER  SECOND  IN  MILLIGRAMS  PER  LITER 
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0 I 1 I I I « I 

-36  -24  -12  0 12  24  36  48  60 

HOURS  BEFORE  AND  AFTER  PEAK  WATER  DISCHARGE 


HOURS  BEFORE  AND  AFTER  PEAK  WATER  DISCHARGE 


FIGURE  8. — Comparison  of  seasonal  stormflow  and  average  nitrite  plus 

nitrate  nitrogen  concentrations, 

Conestoga  River  at  Conestoga,  Pa.,  1985-89 
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streamflow  was  increasing  and  low  concentrations  when  streamflow  was 
decreasing.  Total  organic  nitrogen  and  total  phosphorus  concentrations  were 
highest  at/or  shortly  before  the  time  of  peak  flow.  Dissolved  phosphorus 
concentrations  did  not  change  much  throughout  the  storms.  Suspended-sediment 
concentrations  also  peaked  at/or  just  prior  to  peak  flow. 

Stormflow  highlights  for  the  three  sampling  sites  are  as  follows. 
Stormflow  TN  concentrations  for  the  Susquehanna  River  at  Danville  are  lowest 
in  spring  and  highest  in  winter,  while  the  TP  concentrations  are  lowest  in 
fall  and  highest  in  summer. 

Stormflow  TN  concentrations  for  Sherman  Creek  at  Shermans  Dale  are 
lowest  in  summer  and  highest  in  winter,  while  the  TP  concentrations  are  lowest 
in  winter  and  highest  in  spring  and  summer. 

Stormflow  TN  concentrations  for  the  Conestoga  River  at  Conestoga  are 
lowest  in  sxmnner  and  highest  in  winter,  while  the  TP  concentrations  are  lowest 
in  fall  and  highest  in  summer. 

NUTRIEHT/SDSPEHDED-SKDIMEirr  LOADS  AND  YIELDS 

Loads  of  nutrients  and  suspended  sediment  were  computed  for  each  site 
for  the  period  of  data  collection,  generally  for  calendar  years  1985  through 
1989.  Loads  were  computed  for  total  ammonia,  dissolved  organic  nitrogen, 
total  organic  nitrogen,  total  nitrite  plus  nitrate,  total  nitrogen,  ortho- 
phosphate, dissolved  phosphorus,  total  phosphorus,  total  organic  carbon,  and 
suspended  sediment.  A 7-parameter  log-linear  model  employing  seasonality, 
flow,  and  time-trend  variables  was  used  to  estimate  constituent  loads.  This 
is  the  same  model  used  to  characterize  nutrient  and  suspended-sediment  loads 
at  the  fall  line  of  the  major  tributaries  entering  the  Chesapeake  Bay. 
Nutrient  and  suspended-sediment  loads  were  found  to  be  well  described  by  the 
log-linear  model  of  the  form 
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ln[C]  - • ln[Q/Q]  + * {ln[Q/Q])2  + ^3  • [T-T] 


(1) 


+ • [T-T]2  + • sin[27r*T]  + • cos[27r*T]  + e 

where  ln[*]  denotes  the  natural  logarithm  function,  Q is  the  discharge,  and  T 
is  time  measured  in  years  (Cohn  et  al . , 1989).  The  errors,  denoted  e,  are 
assumed  to  be  independent,  and  normally  distributed  with  zero  mean  and 
variance  The  s are  parameters  of  the  model  which  must  be  estimated 
from  the  data.  The  log-linear  model  relates  constituent  concentration  to 
water  discharge,  seasonal  effects,  and  long-term  time  trends  and  computes  the 
best  fit  regression  equations.  Daily  loads  of  the  constituent  are  calculated 
from  the  mean  daily  water-discharge  records.  Mean  monthly  and  annual  loads 
are  reported  in  terms  of  mean  daily  loads  along  with  estimates  of  accuracy. 
The  model  has  been  shown  to  produce  comparable  loads  to  the  flow  duration- - 
constituent  rating  curve  method  described  by  Miller  (1951) . The  Miller  method 
uses  the  relation  between  constituent  concentration  and  water  discharge  at  the 
time  of  sample  collection,  or  the  relation  between  daily  constituent  load  and 
daily  mean  water  discharge,  and  integrates  it  with  the  flow  duration  curve  for 
the  year. 

Tables  26  through  35  list  the  computed  annual  loads  and  their 
corresponding  yields  of  the  constituents  measured  at  each  of  the  sites  from 
1985  through  1989.  The  loads  listed  for  Codurus  Creek  at  York  do  not  include 
loads  in  the  water  diverted  for  York's  water  supply.  Loads  of  nitrogen 
species,  total  nitrogen,  orthophosphate,  dissolved  and  total  phosphorus,  and 
organic  carbon  have  been  calculated  on  an  elemental  basis. 
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TABLE  26A. — Annual  loads  of  total  nitrogen,  calendar  years  1985-89 
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TABLE  27A. — Annual  loads  of  total  phosphorus , calendar  years  1985-89 
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TABLE  27B. — Annual  yields  of  total  phosphorus,  calendar  years  1985-89 


1 

1 

1 

1 

1 

cr< 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

C7S 

CM 

eri 

cn 

so 

in 

so 

00 

CS 

CS 

o 

1 

00 

1 

1 

\£> 

cn 

cs 

os 

m 

m -a" 

00 

00 

cs 

1 

cr. 

1 

1 

cn 

<■ 

o 

cn 

m 

1 

cn 

1 

00 

-M  cn 

OS 

-a" 

m 

cn 

1 

1 

1 

• 

• 

• 

o 

• 

• 

1 

• 

1 

• 

* • 

• 

• 

• 

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 

CM 

1 

1 

1 

1 

1 

00 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

cn 

cn 

o 

o 

m 

cn  sf 

cn 

-a* 

in 

1 

00 

1 

1 

cn 

cn 

00 

so 

m 

so 

so  os 

o 

00 

00 

1 

cr> 

1 

I 

1 

cn 

o 

CM 

cs 

cs 

1 

CS  -a- 

-a 

-a-  cn 

os 

cn 

m 

1 

I 

^ 1 

1 

• 

1 Ph 

1 

1 

03  1 

o 

CS 

1 

1 

O 1 

1 CO 

1 

1 

>s  1 

1 CO 

1 

1 

1 

1 

1 

t-i  1 

1 03 

1 

1 

V I 

1 3 

1 

1 

o<  1 

1 Vj 

1 

1 

1 

1 O 

1 

1 

0)  1 

1 X 

1 

1 

l-l  1 

00 

cs 

CS 

os 

00 

00 

o 

1 CU 

1 

00 

1 

U 1 

cn 

-d- 

00 

-a- 

m 

cn 

so 

m ^ 

O 

o 

•a" 

cn 

1 CO 

1 

cr> 

1 

to  1 

1 

-O’ 

o 

cs 

cn 

cn 

1 

cn 

o 

so 

o -a- 

O 

sr 

m 

CM 

1 o 

1 

1 

1 

1 

• 

1 JZ 

1 

1 

3-1  1 

o 

CS 

1 pL, 

1 

1 

O 1 

1 

1 

a 1 

1 

1 

1 

1 

1 CO 

1 

1 

CO  1 

I 

1 

1 

•o  1 

1 o 

1 

1 

C 1 

1 H 

1 

1 

3 1 

1 

1 

O 1 

1 

so 

1 

P.  1 

cn 

cn 

m 

m 

m 

COS 

-a- 

1 

00 

1 

1 

o 

cn 

00 

o 

m 

CS 

(OS 

(OS 

CS 

1 

OS 

1 

1 

1 

so 

o 

cn 

cn 

cn 

cs 

o -a- 

00 

1 

00 

cn 

1 

1 

1 

1 

1 

• 

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 

cs 

1 

1 

1 

1 

1 

m 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 

OS 

-cr 

m 

m 

C3S 

m 

CTs  ^ 

-a- 

1 

00 

1 

1 

o 

m 

o 

cn 

so 

CS 

vO 

cn 

00  00 

00 

cn 

o 

1 

OS 

1 

1 

1 

cn 

o 

CS 

cn 

cn 

o 

cs 

cn 

-a- 

1 

in 

CM 

1 

r-H 

1 

I 

1 

1 

• 

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 

1 

1 

1 

0) 

3 

1 

O 1 

CO 

R ^ 

O 

00 

3-1 

•H 

qj  1 

00 

3-1 

3 

> 

cd 

o 

(U 

Z 1 

0) 

u 

a 

3 

x: 

3 

3 

00 

00 

1 

CO 

3 

c 

3 Xi 

o 

>s 

CO 

3-1 

4J 

o 

3 

•H 

•u  1 

*3 

o 

Xi 

u 

CO 

•iS 

03 

o 

3 

3 

3 

4J 

•r4 

CO 

)-i  1 

C 

•H 

> 

CO 

o 

B 

x: 

•H 

M 

x: 

x: 

CO 

3 

CO 

> 

O 1 

to 

> 

o 

•iS 

o. 

P 

(X 

Xi 

a 

u ^ 

3 

•H 

3 

o 

x:  1 

3 

c 

> 

3 

OJ 

3 

u 

3 

u 

3 Pi 

3 

3m 

3 

3 

CO  1 

o 

CO 

(U 

<u 

0) 

J5 

3 

3 

3 

3 

3 O 

o 

O 

1 

H 

a 

Pi 

CO 

a 

s 

Pm 

PC 

S >> 

PM 

o 

u 

74 


TABLE  28A. — Annual  loads  of  suspended  sediment,  calendar  years  1985-89 
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TABLE  28b. — Annual  yields  of  suspended  sediment,  calendar  years  1985-89 
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TABLE  29A. — Annual  loads  of  total  ammonia,  calendar  years  1985-89 


z 

(0 

CO 


CO 

c 

o 


CO 

4-1 

o 

H 


00 

ON 


00 

oo 

ON 


oo 

ON 


vO 

00 

ON 


c 

o 


o 

pL, 


c 

o 


o 
• ^ 
'O 
<u 

}-l 

PU 


(3 

O 


u 

'O 

o 

u 

PL4 


c 

o 


OJ 

u 

Ph 


1 

1 

1 

1 

1 

u 1 

1-1 

1 

a 1 

o 

1 

0 1 

0 

CO 

CM 

0 

sO 

in 

CM 

CM 

ON 

NO 

1-1 

1 

U 1 

• 

• 

• 

• 

• 

• 

1 

• 

1 

• 

• 

• 

• 

• 

• 

M 

1 

1-t  1 

cs 

Ov 

ON 

00 

1 

0 

1 

f-H 

vO 

00 

n£> 

0 

•d 

w 

a;  1 

CO 

-M 

•—4 

CM 

1 

1 

a.  1 

1 

1 

1 

(0 

1 

1 

1 

T3 

i 

o^ 

1 

c 

CO  1 

ff— I 

CM 

-o 

1 

CO 

*0  1 

• 

* 

♦ 

CO 

1 

CO 

M-l 

c 1 

0 

0 

CM 

CO 

ON 

0 

1 

0 

1 

CM 

00 

0 

CO 

O 

1 

o 

0 

D 1 

OI 

CM 

'd' 

1 

1 

CO 

-j- 

CO 

CM 

0 

ON 

1 

o 

0 1 

cn 

r«- 

ON 

00 

1 

Q.  i 

• 

•• 

1 

■U 

1 

1 

rM 

CO 

1 

1 

1 

M 1 

o 

c ■ 
a;  1 

00 

00 

ON 

CM 

0 

CM 

ON 

ON 

nO 

m 

'd 

1-1 

1 

u 1 

1 

1^ 

1 

1-1  1 

1 

00 

CM 

ON 

0 

1 

0 

00 

0 

-j- 

\0 

CM 

w 

1 

Q)  1 

CM 

CM 

»M 

^*4 

1 

1 

a.  1 

1 

1 

1 

CO 

1 

1 

1 

*0 

CM 

'd* 

1 

c 

CO  1 

s£> 

00 

in 

0 

CO 

•o 

1 

cO 

•o  1 

• 

• 

• 

• 

• 

CO 

1 

CO 

VM 

B 1 

1 

0 

tn 

CM 

ON 

1 

0 

0 

00 

CM 

00 

0 

in 

Q 

1 

o 

0 

0 1 

1 

cs 

'd' 

0 

1 

CO 

00 

CM 

,4 

1 

o 

0 1 

n£> 

CO 

m 

•M 

CO 

n- 

'd 

1 

0.  1 

• 

•* 

1 

■u 

1 

1 

CM 

CO 

1 

1 

1 

M 1 

1 

B 1 

o 

1 

0)  1 

ON 

ON 

CM 

00 

ON 

»M 

0 

•4- 

CO 

M 

1 

0 i 

1 

1-1 

1 

M 1 

1 

a^ 

00 

ON 

0 

CO 

1 

ON 

CM 

0 

0 

n£> 

CO 

CM 

W 

1 

<v  1 

CO 

^-4 

<r 

1 

1 

Ou  1 

1 

1 

1 

CO 

1 

1 

1 

•o 

1 

00 

in 

1 

c 

CO  1 

0 

v£> 

'O 

1 

CO 

-o  1 

• 

• 

• 

• 

CO 

1 

CO 

CM 

B 1 

1 

0 

'd- 

00 

1 

0 

CM 

m 

m 

ON 

CM 

0 

NO 

o 

1 

0 

0 

B 1 

vO 

m 

ON 

CO 

1 

in 

n£> 

Mf 

00 

00 

hJ 

1 

0 

0 1 

fO 

ON 

CO 

ON 

^-4 

CM 

'd 

NO 

m 

1 

M 

Cu  1 

•* 

•* 

1 

4^ 

1 

1 

cs 

CO 

1 

1 

1 

M 1 

1 

B 1 

o 

1 

0)  1 

CO 

CM 

CM 

00 

<}■ 

<0N 

CO 

1 

CJ  1 

1 

1^ 

1 

M 1 

1 

0 

CO 

ON 

m 

ON 

\0 

0 

CO 

CO 

NO 

1 

^-1 

M 

1 

Q)  1 

CM 

CM 

1 

1 

a.  1 

1 

1 

1 

CO 

1 

1 

1 

-o 

1 

CM 

m 

1 

c 

CO  1 

CM 

0 

CM 

•o 

1 

CO 

•o  1 

• 

0 

• 

• 

• 

CO 

1 

CO 

CM 

B 1 

1 

0 

CM 

0 

00 

• 

CM 

0 

CM 

ON 

>£> 

ON 

CO 

1 

<d 

O 

1 

3 

0 

3 1 

00 

m 

in 

m 

NO 

1 

•4 

1 

0 

0 1 

cs 

CO 

'd' 

CM 

00 

CM 

CM 

1 

x: 

0.  1 

1 

4-» 

1 

■4- 

<T 

rn 

00 


o 

\£> 

00 

cn 


O 

m 

m 


o 

vO 

vD 


00 


o 

CM 

in 

00 


C 


1 

0 

1 

4.1  1 

1 

u 

1 

B 1 

1 

4-) 

0 

1 

Q>  1 

^-4 

•d 

00 

0 

ON 

m 

OO 

CO 

NO 

1 

U 

1-1 

1 

U 1 

1 

1 

♦H 

Pi 

1 

1-i  1 

1 

NO 

CO 

00 

00 

CO 

00  0 

-d 

00 

nO 

0 

1 

0 

1 

-o 

M 

1 

01  1 

CM 

CM 

^ CM 

CM 

CM 

CM 

^4 

1 

01 

1 

a.  1 

m 

1 

1-i 

1 

1 

00 

1 

pH 

1 

1 

On 

1 

1 

(0 

1 

1 

1 

•o 

1 

NO 

NO 

1 

1 

B 

CO  1 

00 

ON 

CTN 

1 

TO 

1 

CO 

-o  1 

• 

• 

• 

• 

• 

1 

CQ 

1 

(0 

M-l 

B 1 

1 

0 

0 ^ 

^-4 

0 ^ 

CO 

<3* 

00 

1 

^-4 

0 

1 

0 

3 

0 

B 1 

1 

^-4 

CO 

CO 

nO 

m 

1 

m 

nO 

1 

•4 

1 

0 

0 1 

•-H  -1^ 

CTn 

CM 

CO 

1 

1 

x: 

0.  1 

•* 

•» 

•» 

•* 

1 

1 

4J 

1 

1 

1 

CM 

^-4 

m 

1 

1 

1 

0) 

01 

1 

^“4 

01  1 

CO 

1-^ 

B) 

00 

Ph 

•r4 

3 1 

00 

01 

> 

CO 

0 

<U 

z 1 

01 

1-1 

(0 

3 JiS 

4^ 

01 

CO 

60 

60 

ikJ 

1 

cd 

3 *j 

B 

B 

^ 0 

>> 

CO 

u 

4-1 

0 

B 

•r4 

4.4  1 

•0 

0 

J3  Pi 

a 

•r4 

CD  0 

01 

01 

3 

4.1 

4-1 

•r4 

CO 

U 1 

B 

•iH 

>• 

(o  0 

p 

4= 

•H  1-1 

z 

Xi 

CO 

01 

CO 

s 

0 1 

CO 

> 

0 

••H  o. 

M 

CP 

Pi  ^ 

CD 

0 

CO 

•H 

01 

0 

xi  1 

» 

B 

B 

» » 

01 

3 

Ph  B 

1-1 

c 

1-1 

01 

Ph 

B 

B 

CO  1 

0 

CO 

01 

01  01 

■C 

CO 

<0  01 

01 

CO 

0 

CO 

0 

0 

1 

H 

0 

OeS 

•4  Z 

cn 

0 

Z Pp 

z 

X 

P-* 

X 

u 

0 

77 


TABLE  29B. — Annual  yields  of  total  ammonia,  calendar  years  1985-89 
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TABLE  30A. — Annual  loads  of  total  nitrite  plus  nitrate  nitrogen,  calendar  years  1985-89 
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TABLE  30B. — Annual  yields  of  total  nitrite  plus  nitrate  nitrogen, 

calendar  years  1985-89 
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TABLE  31A. — Annual  loads  of  dissolved  organic  nitrogen,  calendar  years  1985-89 
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TABLE  32A. — Annual  loads  of  total  organic  nitrogen,  calendar  years  1985-89 
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TABLE  33A. — Annual  loads  of  orthophosphate,  calendar  years  1985-89 


a 

1 

1 

o 

4.1  1 

•H  U 

B 1 

4^  O 

QJ  1 

vo  <s  ^ ^ m 

ON 

-3- 

00 

ON  ON  lA 

v£>  O 

NO 

cj  i-f 

U 1 

• • • • • 

• 1 

• 1 

• 

• • • 

• • 

• 

•H  V4 

l-l  1 

-4-  CO  CM  in 

vB  1 

(O  1 

lA 

o CS  ON 

<f  00 

O 

X)  w 

Q)  1 

**4 

CM 

^-4 

^4 

o 

O.  1 

o> 

1 

00 

Pd 

1 

m 

O' 

1 CO 

1 

m 

ON 

1 no 

1 

00  -0* 

ON 

1 B 

CO  1 

• • 

• 

• 

• * 

-o 

1 CO 

'O  1 

ON  ON  O ^ 

1 

to  1 

«A 

♦-H  r*- 

m o 

CM 

CO 

1 CO 

VM 

B 1 

1 — o^  cv| 

^ i 

1 

CM 

^ CA 

OO  Mf 

,3 

i O 
1 O 

o 

3 1 

O 1 

^ t— 1 ^ 

CM 

CA  CA 

\0 

1 JZ 

CM  1 

1 u 

1 

1 

c 

1 

1 

O 

4J  1 

•H  ^ 

B 1 

4-1  O 

0)  1 

O O €S  o 

cn 

CM  \0 

lA 

lA  00  ON 

ON  CA 

U l-l 

O 1 

1 . . . . 

l-l  1 

1 n vo  -M  <r 

ON  1 

CM  lA 

CA 

00  ON  00 

lA 

ON 

XJ  w 

<D  1 

^ CS  ^ 

^-4 

0) 

CM  1 

00 

M 

1 

00 

pui 

1 

ON 

1 CO 

1 

vO 

nO 

1 ^o 

1 

CN 

CM 

CA 

-a- 

1 c 

CO  1 

m vo  •— 1 

m 

CM 

00 

vO  cA  ON 

•o 

t CO 

•O  1 

1 • • • 

• 

• 

« 

• • • 

CO 

1 CO 

M-l 

B 1 

1 CS  \0 

CM  1 

<A 

o 

00  m 

cn  o 

ON 

,3 

1 O 

o 

3 1 

n 00  00 

1 

O 

CS 

o OO 

00 

1 o 

O 1 

CM 

CA  CM 

CA 

1 x: 

CM  1 

1 4.1 

1 

1 

c 

1 

1 

Oi 

O 

4.1  1 

•H  l-l 

B 1 

cn  <N  <1-  ^ 

cn 

vO 

CM  1^  CA 

-4'  00 

NO 

00 

*J  O 

Q)  1 

1 • « • • 

• 1 

• • 

• • • 

• • 

• 

CO 

U )-t 

CJ  1 

1 m 00  ^ n 

1 

CM  ON 

sO 

<4“  ON  00 

00 

ON 

•-<  M 

l-l  1 

-—4  •— 1 ^-4 

OJ 

X5  W 

01  1 

4-1 

0) 

CM  1 

CO 

1 

JS 

00 

Pk 

1 

CM 

cn 

a. 

ON 

1 CO 

1 

ON 

o 

^“4 

CO 

1 'O 

1 

m 

CM 

lA 

ON 

CA 

o 

1 B 

CO  1 

• 

• 

« 

• • 

no 

1 CO 

*o  1 

1 vO  t-M 

1 

00 

vO 

CM  00 

<r 

OO 

o. 

CO 

1 CO 

M-l 

B 1 

1 00  O CO 

1 

m 

o --H  CS 

ON 

00 

o 

O 

1 O 

o 

3 1 

cn 

^ CM 

lA 

x: 

1 o 

O 1 

4J 

1 JS 

CM  1 

w 

t 4J 

1 

o 

c 

1 

1 

1 

o 

4.1  1 

^r^  V< 

B 1 

o ON  o 

\D  ir\ 

OO  CA 

o 

o cn  o 

NO 

4-1  O 

0)  1 

1 . . . . 

1 

• 

O l-l 

u 1 

1 ro  n o m 

^ cn 

CM  ^ 

CA 

O ON  ON 

1 

o 

•H  M 

l-l  1 

^ CO  •— 4 ^ 

CM  »-4 

^-4 

X3  M 

O 1 

(U 

CM  1 

o 

l-l 

1 

00 

Ph 

1 

cn 

vO 

o 

ON 

1 CO 

1 

<r 

O -d- 

r- 

1 T) 

1 

On 

cA 

ON 

CM  r>* 

1 B 

CO  1 

• 

• • 

• 

• 

• • 

•o 

1 CO 

•o  1 

1 m ^ 

sO 

lA 

o 

O lA 

1 CA 

o 

CO 

1 CO 

VM 

B 1 

1 m sf  'i- 

CA 

CA 

CA  •— 1 fA 

1 ^ 

o 

1 0 

o 

3 1 

CO  ^ CM 

nO 

CA 

o 

1-3 

1 o 

O 1 

1 x: 

CM  1 

1 4.1 

1 

1 

B 

1 

1 

o 

4.1  1 

•H  ^ 

B 1 

4-»  O 

a>  1 

CO  O O O 

m r>. 

lA  lA 

lA 

tA  vO  vO 

o 

U ^ 

O 1 

1 . . . . 

1 

• 

•H 

l-l  1 

1 cn  ON  ON  \o 

m m 

CM  lA 

00 

tn  tcN  m 

1 CM 

T3  U 

0)  1 

CM  CM  *-H  CM 

CM  ^ 

CM  *— 1 

0) 

Q.  1 

m 

l-l 

1 

00 

PM 

1 

ON 

o 

ON 

1 CO 

1 

r- 

1 -o 

1 

00 

Ml-  '3- 

CM 

CM 

OO  r*. 

1 c 

CO  I 

• 

• • 

• 

• 

• • 

1 

-o 

1 CO 

*0  1 

j m CM  ON 

CM 

o 

<• 

On  ON  O 

1 00 

o 

CO 

1 CO 

M-l 

C 1 

1 vO  CO 

'4- 

CM  vO 

•“4 

CA 

,3 

1 O 

1 O 

O 

O 1 

O 1 

CO  —I  -a- 

00 

CM 

CM 

1 x: 

CM  1 

1 4.1 

1 

O 

1 

CO 

B 

1 

A 

00 

u 

01 

CQ 

1 

00 

u 

0) 

> 

0 

o 

SS 

1 

01 

CO 

3 

xc 

4.) 

V 

0 

00 

00 

4.1 

1 

cd 

r— 4 

3 

4-> 

0 

0 

o 

CO 

u 

4J 

o 

0 

•p4 

4J 

1 

•o 

rH 

o 

Pi 

(0 

•H  CO 

o 

0) 

0) 

o 

4J 

4J 

•H 

CO 

u 

1 

G 

• W 

> 

(D 

O 

B 

xi 

Pi 

JZ 

•0 

CO 

0 

0 

> 

o 

1 

CO 

> 

o 

•p4 

B- 

C 

O.  B 

Xi 

go 

u 

0 

0 

o 

1 

> 

c 

G 

> 

0) 

3 Pi 

a 

0 

u 

01 

0 

0 

CO 

1 

O 

CO 

01 

0) 

0) 

JZ 

ta  <a 

<u 

01 

o 

r-4 

0 

o 

o 

1 

H 

O 

0^ 

s 

CO 

a s: 

pp 

04 

s 

o 

o 

I 

I 


85 


TABLE  33B. — Annual  yields  of  orthophosphate,  calendar  years  1985-89 
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TABLE  34A. — ^Annual  loads  of  dissolved  phosphorus,  calendar  years  1985-89 
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TABLE  34b. — Annual  yields  of  dissolved  phosphorus,  calendar  years  1985-89 
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TABLE  35A.  Annual  loads  of  total  organic  carbon,  calendar  years  1985—89 
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TABLE  35B. — Annual  yields  of  total  organic  carbon,  calendar  years  1985-89 
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Loads  and  yields  are  discussed  together  because  they  are  mathematically 
the  same  values  with  different  connotations.  Load  values  are  equated  to  the 
quantity  of  material  carried  past  a given  point  during  a specific  time  period. 
Yield  values  are  equated  to  the  quantity  of  material  derived  from  a unit  of 
area  over  a specific  time  period.  Yield  values,  therefore,  can  readily  be 
compared  between  subbasins  regardless  of  size  variations. 

Nutrient  and  suspended-sediment  loads  fluctuated  with  discharge  year-by- 
year at  all  sampling  sites.  The  total  nitrogen,  nitrite  plus  nitrate  nitrogen 
and  organic  nitrogen  loads  were  generally  highest  during  the  year  when  the 
discharge  was  higher  and  lower  during  the  lowest  discharge.  The  exception  was 
Codorus  Creek  where  the  discharge  and  nitrogen  loadings  remain  nearly  the  same 
over  the  5-year  period  at  both  sampling  sites. 

Total  ammonia  loads  generally  followed  the  same  pattern  except  at  the 
Conestoga  River.  The  mean  discharge  in  the  Conestoga  River  increased  from 
102  percent  of  the  long-term  mean  in  1987  to  111  percent  in  1988,  but  the 
total  ammonia  load  decreased  by  171,000  lbs  (29  percent).  In  1989,  the  mean 
discharge  increased  from  111  percent  of  the  long-term  mean  in  1988  to 
135  percent  in  1989  and  the  total  ammonia  load  decreased  by  222,000  lbs 
(53  percent).  This  change  in  total  ammonia  loading  can  probably  be  attributed 
to  the  new  regional  municipal  wastewater  treatment  plant,  which  went  into 
operation  in  May  1988.  A significant  decrease  in  the  total  ammonia  load  was 
also  noted  in  1989  in  the  Codorus  Creek  at  Pleasureville.  The  mean  discharge 
at  Pleasureville  increased  from  82.7  percent  of  the  long-term  mean  discharge 
to  95.3  percent  of  the  total  ammonia  load  deceased  by  200,000  lbs 
(61  percent).  This  decrease  in  ammonia  loading  can  also  be  attributed  to 
upgrading  of  the  York  Municipal  Wastewater  Treatment  Plant,  which  was 
completed  in  1989,  Although  the  total  ammonia  loads  decreased,  total  nitrogen 
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loads  increased  at  both  sites,  since  the  ammonia  was  released  to  the  streams 
in  the  oxidized  nitrate  form. 

Total  and  dissolved  phosphorus  loads  were  generally  highest  during  the 
years  with  the  higher  discharges.  However,  the  total  phosphorus  load  from  the 
Conestoga  River  at  Conestoga  remained  the  same  for  1988  and  1989,  even  though 
the  discharge  increased  from  111  percent  of  long-term  mean  discharge  in  1988 
to  135  percent  in  1989.  The  absence  of  a corresponding  increase  in  total 
phosphorus  load  can  be  partly  attributed  to  the  phosphorus  reduction  in  the 
discharge  from  the  new  regional  municipal  wastewater  treatment  plant.  Ortho- 
phosphate loads  were  the  lowest  during  the  years  when  the  discharges  were 
lowest,  but  did  not  necessarily  correspond  with  the  higher  annual  discharges. 
Suspended  sediment  and  total  organic  carbon  loads  were  also  generally  highest 
during  the  years  with  the  higher  discharges. 


SEASONAL  LOADS  OF  NUTRIENTS  AND  SUSPENDED  SEDIMENT 

Seasonal  loads  of  nutrients  and  suspended  sediment  for  each  of  the  sites 
are  listed  in  Tables  36  through  51  Generally,  the  largest  loads  were 

discharged  during  winter  or  spring  and  the  smallest  loads  were  discharged 
during  summer.  The  largest  loads  are  almost  always  associated  with  the 
largest  water  discharges  and  the  smallest  loads  with  the  smaller  water 
discharges . 

The  mean  seasonal  loads  of  nitrite  plus  nitrate  in  the  Susquehanna  River 
at  Danville  during  the  study  were  7,950,000,  6,950,000,  1,720,000,  and 

6.530.000  pounds  in  winter,  spring,  summer  and  fall,  respectively.  The 

largest  loads  were  12,400,000  pounds  in  the  winter  of  1986  and 

12.500.000  pounds  in  the  spring  of  1989.  The  smallest  load  was 

1.040.000  pounds  in  the  summer  of  1988.  Loads  of  total  nitrogen  followed  the 
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1989  Winter  636  25.1  73.5  84.0  1,060  1,170  2.25  13.0  21.9  925  9,550 

Spring  1,490  62.9  277  741  1,860  2,670  8.43  43.2  131  3,690  234,000 

Smnmer  745  22.4  143  367  1,020  1,410  6.27  22.8  64.1  1,740  57,000 

Fall  600  21.6  91.1  232  1,030  1,280  6.99  16.7  35.7  882  36,400 
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1989  Winter  540  17.3  110  96.1  959  1,070  11.2  20.4  29.4  1,410  9,310 

Spring  1,430  98.8  437  910  1,430  2,440  54.1  102  227  6,290  340,000 

Summer  436  14.6  116  261  354  630  22.3  35.9  64.3  1 ,600  38,500 

Fall  430  16.6  100  254  557  827  23.0  32.4  55.0  1,160  42,500 
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1989  Winter  165  6.33  43.4  50.2  345  402  1.04  3.69  6.20  966  1,810 

Spring  344  18.7  75.5  184  620  823  2.59  9.76  29.4  1,570  36,900 

Sunimer  122  3.28  31.1  59.8  155  218  1.97  4.57  7.64  853  2,530 

Fall  159  5.75  43.4  90.1  226  321  2.19  5.30  10.4  950  5,970 
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TABLE  A9. — Seasonal  mean  vater  discharge,  nutrient,  and  suspended-sediment  loads, 

Susquehanna  River  at  Marietta,  Pa., 
calendar  years  1987-89 
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TABLE  50. — Seasonal  mean  water  discharge,  nutrient,  and  suspended-sediment  loads, 

Conestoga  River  at  Conestoga,  Pa., 
calendar  years  1985-89 
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same  pattern.  Mean  loads  during  the  winter,  spring,  summer  and  fall  were 

14.800.000,  14,400,000,  3,660,000,  and  11,600,000  pounds,  respectively. 

At  most  sites,  mean  concentrations  of  nitrite  plus  nitrate  and  total 
nitrogen  were  at  their  highs  in  winter,  when  streamflows  are  normally  high; 
and  lowest  during  the  summer,  when  flows  are  normally  low.  As  an  example, 
nitrite  plus  nitrate  concentrations  in  the  Susquehanna  River  at  Danville 
during  1986  were  highest  in  the  winter  (0.95  mg/1),  when  streamflow  was  at  its 
annual  high,  and  lowest  in  the  summer  (0.63  mg/1),  when  streamflow  was  lowest. 
Mean  concentrations  of  nitrite  plus  nitrate  in  the  Susquehanna  River  at 
Danville  averaged  0.58  mg/1  in  the  summer  of  1988  and  1.07  mg/l  during  the 
winter  of  1985.  The  average  concentrations,  by  seasons — winter,  spring, 
summer,  and  fall — for  1985-89,  were  0.98,  0.76,  0.64,  and  1.00  mg/l, 
respectively.  Mean  concentrations  of  total  nitrogen  for  the  same  seasons  were 
1.82,  1.58,  1.36,  and  1.80  mg/l,  respectively.  The  differences  between  the 
two,  total  Kjeldahl  nitrogen,  were  0.84,  0.82,  0.72,  and  0.80  mg/l, 
respectively. 

Similar  seasonal  variations  in  concentrations  and  loads  of  total  nitrite 
plus  nitrate  and  total  nitrogen  occurred  in  Sherman  Creek.  The  highest 
concentrations  and  loads  were  generally  in  winter  and  spring  and  the  smallest 
concentrations  and  loads  were  in  summer.  During  the  5-year  period,  1985-89, 
the  average  concentrations  of  nitrite  plus  nitrate,  by  seasons,  were  1.44, 
1.21,  1.27,  and  1.69  mg/l,  respectively;  and  the  seasonal  loads  averaged 

220.000,  217,000  91,000,  and  158,000  pounds,  respectively.  The  mean  seasonal 
concentrations  of  total  nitrogen  were  1.99,  2.01,  2.30,  and  2.33  mg/l, 
respectively;  and  the  seasonal  mean  loads  transported  were  305,000,  361,000, 

165.000,  and  218,000  pounds,  respectively.  The  mean  seasonal  concentrations 
of  total  Kjeldahl  nitrogen  were  0.56,  0.80,  1.03,  and  0.64  mg/l;  and  the  mean 
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seasonal  total  Kjeldahl  nitrogen  loads  were  85,000,  144,000,  74,000,  and 

60.000  pounds,  respectively. 

The  highest  seasonal  loads  of  nitrite  plus  nitrate  for  each  of  the 
5 years  was  transported  during  the  fall  of  1985,  the  winter  of  1986,  the 
spring  of  1987,  the  winter  of  1988,  and  the  spring  and  summer  of  1989.  The 
season  with  the  highest  load  was  the  spring  of  1989;  the  load  was 

392.000  pounds  and  the  mean  concentration  was  1.30  mg/1.  During  the  5 years, 
the  four  lowest  seasonal  loads  of  nitrite  plus  nitrate  were  transported  in  the 
summers  of  1985,  1986,  1987,  and  1988.  The  season  with  the  smallest  load, 
13,400  pounds,  also  had  the  lowest  mean  concentration,  0.69  mg/1.  The  load 
during  the  summer  of  1989  was  322,000  pounds,  and  the  mean  concentration  was 
1.41  mg/1.  Loads  of  total  nitrogen  followed  the  same  seasonal  pattern — 
highest  during  the  winter  and  spring  and  lowest  during  the  sinmner. 

Table  50  lists  the  seasonal  load  of  nutrients  and  suspended  sediment  in 
the  Conestoga  River.  Nitrite  plus  nitrate  concentrations  and  loads  were 
generally  highest  in  winter  and  spring,  lowest  in  summer  and  then  high  again 
in  the  fall.  Average  concentrations  of  nitrite  plus  nitrate,  by  seasons,  were 
7.53,  6.97,  5.39,  and  6.52  mg/l;  and  loads  transported  during  the  seasons 
averaged  2,750,000,  2,400,000,  1,460,000  and  1,690,000  pounds,  respectively. 
The  average  seasonal  concentrations  of  total  nitrogen  were  9.49,  9.09,  7.58, 
and  8.06  mg/l;  and  the  loads  were  3,460,000,  3,130,000,  2,050,000,  and 

2.090.000  pounds,  respectively.  Concentrations  of  total  Kjeldahl  nitrogen 
were  1.94,  2.12,  2.18,  and  1.54  mg/l;  and  loads  were  710,000,  730,000, 
590,000,  and  400,000  pounds,  respectively. 

Seasonal  loads  of  total  nitrogen  followed  the  same  seasonal  pattern  as 
total  nitrite  plus  nitrate,  which  made  up  about  75  percent  of  the  total 
nitrogen  load. 
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Loads  calculated  for  the  Susquehanna  River  at  Conowingo  are  listed  in 
table  51.  For  the  period  1985-89,  the  highest  concentrations  and  loads  of 
total  nitrite  plus  nitrate  were  measured  during  winter  or  spring  of  each  year, 
and  the  lowest  concentrations  and  loads  were  measured  during  the  summers.  For 
the  period,  mean  seasonal  concentrations — winter  to  fall — of  total  nitrite 
plus  nitrate  were  1.44,  1.18,  1.05,  and  1.46  mg/1;  and  the  mean  seasonal  loads 
were  30,300,000,  27,500,000,  8,010,000,  and  22,600,000  pounds.  Mean  seasonal 
concentrations  and  loads  of  total  nitrogen  were  2.06,  1.84,  1.70,  and  2.06 
mg/1;  and  the  mean  seasonal  loads  were  43,580,000,  42,600,000,  12,900,000,  and 
32,000,000  pounds,  respectively.  The  highest  loads  of  total  nitrite  plus 
nitrate  generally  occurred  during  winter  or  spring  of  each  year;  however,  the 
highest  loads  in  1985  were  measured  during  the  fall.  The  smallest  loads 
occurred  during  the  summers.  Loads  of  total  nitrogen  followed  the  same 
seasonal  pattern  as  loads  of  total  nitrite  plus  nitrate. 

The  percentages  of  mean  seasonal  loads  of  nitrite  plus  nitrate  measured 
at  Conowingo  during  the  5 years  of  data  collection  that  came  from  the 
Conestoga  River  basin  were  9.08,  8.73,  18.2,  and  7.48,  winter  through  fall, 
sequentially.  The  percentages  of  annual  loads  measured  at  Conowingo  that  came 
from  the  Conestoga  River  were  8.04,  8.76,  9.60,  11.5,  and  9.41,  for  the  years 
1985  through  1989,  respectively.  For  the  5-year  period,  9.39  percent  of  the 
nitrite  plus  nitrate  load  measured  at  Conowingo  came  from  the  Conestoga  River. 
The  Conestoga  River  basin  contains  1.73  percent  of  the  drainage  area  of  the 
Susquehanna  River  basin  above  Conowingo.  The  percentages  of  nitrite  plus 
nitrate  loads  discharged  in  summer  at  Conowingo  that  originated  in  the 
Conestoga  River  basin  were  22.2,  19.6,  13.6,  31.2,  and  14.6  for  years  1985-89, 
respectively. 
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During  the  5 years  of  data  collection,  only  in  calendar  years  1986  and 
1989  were  the  highest  nutrient  and  suspended-sediment  loads  for  a single 
season  coincident  with  the  highest  streamflows  at  all  collection  sites  in  the 
basin.  This  occurred  during  the  winter  of  1986  and  the  spring  of  1989. 
Streamflow  in  the  basin  as  gaged  at  Conowingo,  was  higher  in  each  of  the 
2 years,  than  its  long-term  average  annual.  When  annual  mean  streamflows  were 
below  the  long-term  average,  as  in  1985,  1987,  and  1988,  the  seasons  with  the 
highest  water  discharges  did  not  necessarily  coincide  with  the  correspondingly 
highest  nutrient  and  suspended-sediment  loads.  Additionally,  water  discharge 
in  calendar  year  1985  ran  contrary  to  the  general  long-term  seasonal  trend  in 
discharge  (table  52),  in  that  flows  during  fall  exceeded  those  of  winter  or 
spring. 

Annual  plots  of  ammonia,  in  percent  of  seasonal  inorganic  nitrogen 
loads,  and  corresponding  plots  of  5-year  seasonal  means  of  inorganic  nitrogen, 
in  percent  of  seasonal  total  nitrogen  load,  are  shown  in  figure  9.  In 
general,  seasonal  variations  in  percent  ammonia  (upper  part  of  figure  9)  are 
less  for  the  larger  streams  than  for  the  smaller  streams. 

There  are  large  point-source  discharges  from  sewage  treatment  plants 
above  the  Danville,  Pleasurevil le , and  Conestoga  sampling  sites.  Nutrient 
concentrations  at  Danville  and  Conestoga  are  similar;  presumably  because  the 
point  discharges  are  well  upstream  (10-30  miles)  of  the  sampling  sites. 
Samples  from  Pleasureville , on  the  other  hand,  exhibited  less  nitrification 
and,  therefore,  high  ammonia  loads — probably  because  the  treated  discharge 
traveled  only  3.8  miles  to  the  sampling  site.  Nutrient  loads  at  all  three 
sites  in  1989  were  less  than  those  of  earlier  years.  These  reduction  in  loads 
result  from  an  upgrading  of  sewage-treatment  plants  during  1988-89. 
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TABLE  52. — Long-term  seasonal  mean  water  discharges 


Site 

Short  Name 

Winter 

Spring 

Slimmer 

Fall 

cf  s 

Towanda 

15,410 

14,980 

3,460 

8,450 

Danville 

22,056 

21,538 

5,244 

11,834 

Renovo 

94.8 

109 

24.9 

62.9 

Lewisburg 

15,705 

15,979 

3,642 

8,132 

Newport 

6,707 

5,853 

1,698 

2,897 

Shermans  Dale 

440 

389 

99 

228 

Dauph in 

— 

— 

— 

— 

Harrisburg 

50,830 

48,210 

12,508 

25,248 

Penbrook 

19 

18 

7 

11 

Hershey 

1,090 

975 

356 

790 

Manchester 

976 

693 

251 

434 

York 

324 

276 

119 

156 

Pleasureville 

— 

— 

— 

— 

Marietta 

53,520 

52,440 

13,420 

27,860 

Conestoga 

803 

703 

365 

393 
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SEASONAL  UEAN  LOAD  OF  INORGANIC  NITROGEN 

10  lOIAL  NIIROCEN  KROU  1905-1989,  SEASONAL  LOAD  OF  AUUONIA  NITROGEN 

IN  PERCENT  10  INORGANIC  NITROGEN 

IN  PERCENT 


RENOVO  NEWPORT  SHERUANS  DALE  DAUPHIN  PEN0ROOK  HERSHEY  MANCHESTER  YORK  PLEASUREVILLE  CONESTOGA 


SEASON 

W • WNTER 
S - SPfQNC 
S • SUUUER 
r - FAU. 


FIGURE  9. — Seasonal  variability  in  ratios  of  ammonia  nitrogen  to  inorganic 
nitrogen  and  inorganic  nitrogen  to  total  nitrogen 
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TOWANDA  DANVILLE  LEWISBURG  HARRISBURG  MARIETTA 


SEASON 

W - WINTER 
S - SPRING 
S - SUUUER 
F - FALL 


FIGURE  9. — Seasonal  variability  in  ratios  of  ammonia  nitrogen  to  inorganic 
nitrogen  and  inorganic  nitrogen  to  total  nitrogen — Continued 
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The  forested  basins  above  Renovo  and  Dauphin  appear  different  in  that 

the  drainage  above  Dauphin  exhibits  a high  percentage  of  ammonia;  whereas, 

flows  at  Renovo,  like  those  of  most  non-pristine  sites,  have  less  than  10 

percent  ammonia  in  the  inorganic  nitrogen  load.  It  might  be  expected  that 
forested  sites  would  have  a high  percentage  ammonia  because  acidic  forest 
soils  present  a hostile  environment  for  bacterial  activity  in  the 

nitrification  process.  Another  large  difference  between  the  sites  is  that  the 
nitrogen  load  at  Renovo  is  half  inorganic  and  half  organic;  but,  at  Dauphin  it 
is  approximately  80  percent  organic. 

The  percentages  of  seasonal  nitrogen  loads  that  are  inorganic,  as 
depicted  in  the  lower  half  of  figure  9,  generally  decreases  from  winter  to 
summer  for  10  of  the  15  sites.  This  follows  the  seasonal  trend  in  water 
temperatures  and,  probably,  reflects  the  direct  relationship  between 
biological  activity  and  temperature.  Biological  activity  converts  inorganic 
nitrogen  to  organic  nitrogen  and  would,  therefore,  cause  a shift  in  the 
relative  abundance  of  species.  Of  interest  is  the  apparent  increase,  in  a 
down-basin  direction,  in  the  proportion  of  inorganic  nitrogen  in  nitrogen 
loads  of  the  sampled  tributaries. 

With  a single  exception,  the  seasonal  TN  load  corresponds  directly  with 
the  mean  seasonal  water  discharge  for  the  Susquehanna  River  at  Danville, 
Sherman  Creek  at  Shermans  Dale,  and  Conestoga  River  at  Conestoga  — the  season 
of  highest  water  discharge  shows  the  highest  TN  load.  This  is  also  true  of 
the  TP  loads,  but  only  for  2 of  the  3 sites  (Sherman  Creek  and  Susquehanna 
River  at  Danville).  The  Conestoga  does  show  the  same  relationship,  but  only 
from  mid-1988  through  1989.  This  period  corresponds  to  the  time  when  the 
regional  Lancaster  City  STP  dramatically  reduced  the  P concentration  in  the 
sewage  effluent.  This  suggests  that  when  the  TP  input  is  primarily  from  a 
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nonpoint  source  (NPS)  a direct  relation  exists  between  seasonal  loads  and 
water  discharge.  When  point  sources  (PS)  provide  part  of  the  overall  TP 
input,  a direct  relation  does  not  exist  between  the  seasonal  load  and  water 
discharge . 


LOAD  SIMILARITIES  BETWEEN  SAMPLING  SITES 

The  annual  yields  of  total  nitrogen,  total  phosphorus  and  suspended 
sediment  for  each  of  the  sampling  sites  were  used  to  provide  a comparison 
between  sites  and  to  evaluate  their  relationship  with  land  use.  Generally,  to 
TN,  TP,  and  suspended-sediment  yields  were  highest  each  year  in  the  four 
tributary  streams  below  Harrisburg.  These  four  tributary  watersheds;  the 
Swatara  Creek,  West  Conewago  Creek,  Codorus  Creek,  and  Conestoga  River  contain 
the  highest  percentage  of  agricultural  lands.  The  Young  Woman's  Creek  and 
Stony  Creek  watershed,  which  are  totally  forested,  had  the  lowest  yields. 

The  sampling  sites  were  grouped  according  to  similarities  in  the  ranges 
of  annual  yields  of  TN,  TP  and  suspended  sediment  over  the  5-year  period. 
These  groups  are  shown  in  table  53,  together  with  the  percentages  of 
agricultural  and  forested  lands  and  manure  production  in  pounds-per-acre  for 
each  watershed  from  table  5. 

The  Renovo  and  Dauphin  sampling  sites  are  in  completely  forested  basins. 
They  show  the  lowest  TN,  TP,  and  suspended-sediment  ranges  in  yields,  and 
manure  production  rates.  Sites  in  the  next  group,  which  represent  the  sampled 
tributaries  upstream  from  Harrisburg,  and  includes  the  three  main-stem 
sampling  sites,  exhibits  similar  yields  of  nitrogen,  phosphorus  and  suspended 
sediment,  except  for  the  highest  values  at  Shermans  Dale.  This  site  appears 
to  be  out  of  line  with  the  other  sites  because  of  the  extremely  high  water  of 
1989.  Penbrook,  which  has  little  farming  in  the  basin,  has  a TN  range 
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This  basin  experienced  the  highest  amount  of  annual  precipitation  (54.5"  in  1989) 
of  all  the  sampled  basins  for  the  5-year  period 


similar  to  the  other  sites  in  the  group.  The  nearly  40  percent  agricultural 
land  is  former  pasture  left  idle.  The  upper  limit  in  the  TP  range  and  the 
overall  suspended-sediment  range  appeared  to  remove  it  from  the  group. 
However,  the  high  sediment  yields  resulted  from  intense  development  within  the 
small  basin.  Since  phosphorus  is  intimately  bound  to  suspended  sediment,  the 
high  sediment  yields  produced  high  phosphorus  yields.  The  streams  in  this 
group  drain  areas  that  produce  less  than  1 ton  of  animal  manure  per  acre  per 
year,  with  about  25  percent  of  the  area  in  agriculture  and  60-70  percent  in 
forest  lands.  The  Lewisburg  drainage  area,  with  its  14  percent  agricultural 
and  81  percent  forest  land,  most  closely  resembles  the  yields  from  the 
forested  group. 

The  third  group,  which  includes  three  tributary  streams  downstream  from 
Harrisburg,  has  higher  yields  than  the  two  previous  groups.  The  upper  limit 
of  the  TP  range  is  low  at  York.  The  upper  limit  for  suspended  sediment  at 
York  and  Pleasureville  is  also  low,  mostly  because  Indian  Rock  Dam  and  three 
reservoirs  dampen  high  runoff  events,  thereby  lowering  the  sediment  carrying 
capacity.  Notably,  the  range  in  annual  flows,  as  a percent  of  long-term 
average  water  discharge  was  narrow  (77-90  percent),  yet  annual  precipitation 
over  the  5-year  period  ranged  from  32  inches  to  nearly  42  inches.  The  manure 
production  in  the  drainage  areas  for  this  group  was  between  1 and  2 tons  per 
acre  per  year.  These  areas  consist  of  45-55  percent  agricultural  land  and  35- 
40  percent  forests.  These  basins  are  undergoing  significant  development. 

The  Conestoga  drainage  area  with  about  63  percent  agricultural  land,  15 
percent  forest  land  and  manure  production  rate  of  5.24  tons  per  acre  per  year 
has  the  highest  nutrient  and  suspended-sediment  yield. 
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A difference  between  the  first  two  groups  and  last  two  groups  is 
disclosed  by  comparing  sediment  yields  measured  during  the  1962-67  period 
(Williams  and  Reed,  1972)  with  those  of  the  1985-89  period.  Yield  data  for 
these  two  periods  are  presented  in  table  54. 


TABLE  54. — Comparison  between  suspended-sediment  yields  for  1962-67 

and  1985-89 


Suspended- 

Sediment  Yield 

Long-term  Average 
1962-67 

Range 

1985-89 

pounds  per 

acre  per  year 

Danville 

450 

130 

510 

Lewisburg 

240 

100 

- 

240 

Newport 

250 

130 

- 

380 

Shermans  Dale 

265 

130 

- 

890 

Harrisburg 

345 

130 

— 

370 

Hershey 

690 

200 

— 

1,100 

Manchester 

690 

240 

- 

1,460 

York 

695 

210 

- 

500 

Conestoga 

560 

480 

1,670 

Long-term  annual  sediment  yields  for  the  five  sites  in  the  first  group 
fall  within  the  1985-89  ranges,  which  suggest  no  trend  in  yields  is  occurring. 
This  lack  of  trend  for  the  25-year  period  is  not  surprising,  as  there  has  been 
little  development  within  the  basin  upstream  from  Harrisburg.  However,  there 
is  some  evidence  that  nitrate-concentrations  increased  during  this  period. 
Such  an  increase  can  be  noted  when  comparing  present  nitrate  nitrogen 
concentrations  with  the  average  for  1945-51  at  Danville  (0.81  vs  0.52  mg/l), 
Lewisburg  (0.67  vs  0.31  mg/l),  and  Newport  (1.33  vs  0.69  mg/l)  (Pa.  Department 
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of  Commerce,  1947  and  1953).  The  increases  are  believed  due,  at  least  in 
part,  to  sewering  of  much  of  the  urban  areas  and  to  less  reliance  on  septic 
systems.  This  has  brought  more  sewage,  albeit  treated,  directly  to  the  stream 
than  was  possible  with  faulty  septic  systems. 

Sites  in  the  second  group  of  table  54  show  sizable  increases  in  sediment 
yields  over  the  25-year  period.  The  1962-67  sediment  yields  primarily  reflect 
farming  practices  and  the  beginning  of  the  development  boom.  Farm  land 
acreage  has  decreased  since  the  early  1960's  (U.S.  Bureau  of  Census,  1989), 
giving  way  to  housing  and  industrial  development. 


DETESMINATION  OF  AVEBAGE  BASELINE  YIELDS 
FOR  TOTAL  NITROGEN,  TOTAL  PHOSPHORUS, 

AND  SUSPENDED  SEDIMENT 

The  nutrient  and  suspended-sediment  loads  and  yields  have  been  presented 
to  show  their  year-to-year  variabilities  and  their  relative  magnitudes  for  the 
sample  sites.  Other  studies  have  shown  the  functional  relation  between  load 
(or  yield)  and  water  discharge.  The  Chesapeake  Bay  Program  nutrient  reduction 
strategy  states  that  reductions  will  be  calculated  from  point  source  loads  for 
1985  and  nonpoint  source  loads  in  a year  of  average  rainfall.  What  is  average 
rainfall  for  a 27,100  square  mile  drainage  basin?  It  is  believed  that  it  is 
more  appropriate  to  relate  nutrient  and  suspended-sediment  loads  and  yields  to 
a common  denominator  in  order  to  attempt  legitimate  comparisons  for  different 
sampling  periods  at  the  same  site,  as  well  as  for  making  comparisons  between 
sites.  The  functional  relation  between  the  loads  or  yields  and  water 
discharge  suggests  that  comparability  can  be  accomplished  by  relating  the 
yearly  loads  or  yields  and  the  associated  annual  mean  discharges  to  the  long- 
term average  water  discharge.  This  can  be  accomplished  by  plotting  water 
discharge,  as  a ratio  of  the  yearly  means  to  the  long-term  average,  against 
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the  annual  load  or  yield.  A least  squares  fitting  procedure  can  be  used  to 
produce  a line  of  regression,  as  shown  with  the  general  relation  of  figure  10. 


Y = A + B(R) 

where:  Y = annual  yield, 

A = Y intercept , 

B = slope  of  regression  line,  and 
R = water-discharge  ratio. 
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FIGURE  10. “Relation  between  annual  nutrient  yield  and  the  annual  mean  water 
discharge  divided  by  the  long-term  average  water  discharge 

(water  discharge  rates) 

This  procedure  is  feasible  as  long  as  the  sampling  sites  are  located  at 
existing  long-term  gaging  stations  for  which  an  average  flow  can  be  calculated 
for  the  period  of  record. 

It  was  initially  hypothesized  that,  although  there  might  be  changes  in 
land  use  over  the  5-year  period,  the  large  drainage  areas  above  most  of  the 
sampling  sites  would  easily  absorb  the  potential  changes  in  water  quality. 
Therefore,  changes  in  yearly  nutrient  and  suspended-sediment  loads  would  be 
due  primarily  to  differences  in  the  distribution  and  total  quantity  of  yearly 
water  discharge.  If  this  hypothesis  held,  then  a correlative  relation  between 
the  annual-yield  values  was  expected. 
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The  resulting  plot  or  regression  line  should  be  thought  of  as  the 
1985-89  "baseline".  This  baseline  can  be  used  to  estimate  an  average  load  or 
yield  for  the  base-sampling  period  that  has  been  adjusted  to  the  period  of 
long-term  water  discharge.  This  estimate  is  obtained  from  the  relation  as  the 
yield  value  for  a water-discharge  ratio  (R)  of  1 and  is  termed  the  "baseline 
yield". 

Figures  11  to  25  show  the  relation  between  the  annual  yields  of  TN,  TP, 
suspended  sediment,  and  corresponding  water-discharge  ratios  for  the  sampled 
sites.  The  observed  error  range  is  - one  standard  deviation  and  is  obtained 
by  averaging  the  prediction  errors,  in  percent,  for  the  5-year  period  and 
applying  it  to  the  regression  line.  The  annual  baseline  yields  of  TN,  TP,  and 
suspended  sediment,  as  determined  from  the  regression  equations,  are  listed  in 
tables  55,  56  and  57. 

Nutrient  baselines  for  the  sampled  sites  can  be  superimposed  on  one 
graph  for  comparative  purposes.  Figures  26,  27  and  28  show  TN,  TP,  and 
sediment  yields  for  the  sampling  sites.  These  baselines  have  been  divided 
into  four  broad  groups  by  using  land  use,  manure  production,  and  average 
yields  for  the  represented  basins,  which  are  summarized  in  table  58. 
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SUSPENDED  SEDIMENT.  TOTAL  NITROGEN, 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  11. — Nutrient  and  suspended-sediment  yields, 
Susquehanna  River  at  Danville,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 

LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  12. — Nutrient  and  suspended-sediment  yields, 
Young  Womans  Creek  near  Renovo,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  13.  Nutrient  and  suspended-sediment  yields, 
West  Branch  Susquehanna  Riverat  Lewisburg,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT,  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  14. — Nutrient  and  suspended-sediment  yields, 
Juniata  River  at  Newport,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS, 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN, 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 

LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  15. — Nutrient  and  suspended-sediment  yields, 
Sherman  Creek  at  Shermans  Dale,  Pa. , 1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  16. —Nutrient  and  suspended-sediment  yields, 
Stony  Creek  near  Dauphin,  Pa.,  1985-86 


- 129 


TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  17. — Nutrient  and  suspended-sediment  yields, 
Susquehanna  River  at  Harrisburg,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  18. — Nutrient  and  suspended-sediment  yields, 
Paxton  Creek  near  Penbrook,  Pa. , 1985-88 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  19.  Nutrient  and  suspended—sediment  yields, 
Swatara  Creek  near  Hershey,  Pa. , 1985-89 
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TOTAL  PHOSPHORUS, 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 
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FIGURE  20.  Nutrient  and  suspended-sediment  yields, 
West  Conewago  Creek  near  Manchester,  Pa. , 1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 
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FIGURE  21. — Nutrient  and  suspended-sediment  yields, 
Codorus  Creek  near  York,  Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 
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FIGURE  22. — Nutrient  and  suspended-sediment  yields, 
Codorus  Creek  at  Pleasureville , Pa.,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  23. — Nutrient  and  suspended-sediment  yields, 
Susquehanna  River  at  Marietta,  Pa.,  1987-89 
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TOTAL  PHOSPHORUS, 

IN  POUNDS  PER  ACRE  PER  YEAR 


SUSPENDED  SEDIMENT.  TOTAL  NITROGEN, 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 
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LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  24. — Nutrient  and  suspended-sediment  yields, 
Conestoga  River  at  Conestoga,  Pa. , 1985-89 
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TOTAL  PHOSPHORUS. 
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SUSPENDED  SEDIMENT,  TOTAL  NITROGEN. 

IN  POUNDS  PER  ACRE  PER  YEAR  IN  POUNDS  PER  ACRE  PER  YEAR 
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FIGURE  25 . —-Nutrient  and  suspended— sediment  yields, 
Susquehanna  River  at  Conowingo,  Md. , 1985-89 
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TOTAL  PHOSPHORUS, 

IN  POUNDS  PER  ACRE  PER  YEAR 


TABLE  55. — Average  annual  total  nitrogen  loads  and  yields,  as  estimated  by 
using  long-term  average  water  discharge  to  adjust  1985-89  data 


Site 

Short  Name 

Yield  = A 

+ B (R) 

Correlation 

Coefficient 

Average 

Annual 

Load 

Average 

Annual 

Yield 

A 

B 

10^  lbs 

lbs /ac 

Towanda 

32.4 

6.5 

Danvil  le 

-1.89 

8.92 

0.98 

50.5 

7.03 

Renovo 

.236 

2.92 

.98 

.093 

3.16 

Lewisburg 

-1.96 

8.08 

.96 

26.8 

6.12 

Newport 

-0.70 

8.51 

.94 

16.8 

7.81 

Shermans  Dale 

-2.47 

11.8 

.99 

1.20 

9.34 

Dauphin 

-1.57 

5.53 

— 

.056 

3.96 

Harrisburg 

-0.68 

8.06 

.92 

114 

7.38 

Penbrook 

-0.10 

8.22 

.99 

.058 

8.12 

Hershey 

2.30 

18.2 

.97 

6.34 

20.5 

Manchester 

CS 

00 

• 

o 

1 

12.0 

.99 

3.65 

11.2 

York 

— 

— 

— 

1.65  ^ 

11.6 

Pleasureville 

— 

— 

— 

2.73 

16.0 

Marietta 

-1.55 

10.0 

.99 

141 

8.45 

Conestoga 

2.34 

31.1 

.98 

10.1 

33.4 

Conowingo 

-0.040 

8.51 

.96 

147 

8.47 

1/ 


Derived  by  equating  ratio  between  1989  yields  for  Towanda  and  Danville 
to  the  ratio  between  annual  yield  at  Towanda  and  the  average  annual 
baseline  yield  for  Danville;  i.e.  6 . 07  = X 

6.56  7.03 


2/ 

— Derived  for  only  2 years  of  data  (1985-86) 

3/ 

~ Values  averaged  for  5 years  and  not  adjusted  with  long-term  average 
discharge 
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TABLE  56. — Average  annual  total  phosphorus  loads  and  yields,  as  estimated  by 
using  long-term  average  water  discharge  to  adjust  1985-89  data 


Site 

Short  Name 

Yield  = A 

+ B (R) 

Correlation 

Coefficient 

Average 

Annual 

Load 

Average 
Annua 1 
Yield 

A 

B 

10^  lbs 

Ibs/ac 

Towanda 

2.08 

0.418 

Danvil  le 

-0.167 

0.676 

.97 

3.66 

.509 

Renovo 

-0.011 

0.072 

.66 

.002 

.061 

Lewisburg 

0.060 

0.254 

.94 

1.38 

.314 

Newport 

0.074 

0.481 

.96 

1.19 

.555 

Shermans  Dale 

-0.351 

0.870 

.99 

.066 

.519 

Dauphin 

-0.232 

0.465 

— 

.003 

.233 

Harrisburg 

-0.047 

0.468 

.76 

6.49 

.421 

Penbrook 

-0.667 

1.38 

.74 

.005 

.713 

Hershey 

-0.170 

0.953 

.97 

.242 

.783 

Manchester 

-0.095 

1.12 

.76 

.335 

1.03 

York 

— 

— 

— 

.060 

.419  f' 

Pleasureville 

— 

— 

— 

.157 

.918 

Marietta  . 

-0.051 

0.527 

.99 

7.92 

.476 

Conestoga  — 

-0.879 

3.32 

.99 

.734 

2.44 

Conow ingo 

-0.104 

0.400 

.99 

5.13 

.296 

1/ 


Derived  by  equating  ratio  between  1989  yields  for  Towanda  and  Danville 
to  the  ratio  between  annual  yield  at  Towanda  and  the  average  annual 
baseline  yield  for  Danville;  i.e.  .379  = X 

.462  .509 


2/ 

— Derived  for  only  2 years  of  data  (1985-86) 

3/ 

~ Values  averaged  for  5 years  and  not  adjusted  with  long-term  average 
discharge 

4/ 

~ 1985-87  data  used 
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TABLE  57. — Average  annual  suspended-sediment  loads  and  yields,  as  estimated  by 
using  long-term  average  water  discharge  to  adjust  1985-89  data 


Average 

Average 

Annual 

Annual 

Site 

Yield  = 

A + B (R) 

Correlation 

Load 

Yield 

Short  Name 

A 

B 

Coefficient 

10^  lbs 

lbs / ac 

Towanda 

1,590 

318.7  - 

Danvil le 

-496.5 

888.9 

0.99 

2,818 

392.4 

Renovo 

1.96 

185.9 

.16 

5.56 

187.9 

Lewisburg 

-157.0 

345.9 

.66 

828 

188.9 

Newport 

-293.3 

530.2 

.89 

509 

236.9 

Shermans  Dale 

-770.9 

1,250.5 

.99 

614 

1.53 

479.6  , 

109.4  - 

Dauphin 

-108.8 

218.2 

— 

Harrisburg 

-323.7 

634.9 

.89 

4,800 

311.2 

Penbrook 

-2,136.0 

4,409.0 

.71 

16.3 

2,273.0 

Hershey 

-482.0 

1,436.0 

.86 

295 

954.0 

Manchester 

-826.6 

1,894.3 

.60 

348 

45.0  1 
85.9 

1,067.7 

316.8 

503.0 

York 

— 

— 

— 

Pleasureville 

— 

— 

— 

Marietta 

-396.9 

793.4 

.85 

6,595 

396.5 

Conestoga 

-605.7 

1,733  .6 

.71 

339 

1 , 1 27 . 9 

Conow ingo 

-102.1 

204.4 

.97 

1,774 

102.3 

~ Derived  by  equating  ratio  between  1989  yield  for  Towanda  and  i/anville 
to  ratio  between  annual  yield  at  Towanda  and  the  average  annual  baseline 
yield  for  Danville;  i.e.  307  = X 

378  392.4 

2/ 

— Derived  for  only  2 years  of  data  (1985-86) 

3/ 

~ Values  averaged  for  5 years  and  not  adjusted  with  long-term  average 
discharge 
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TOTAL  NITROGEN, 

IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 

LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  26 .--Comparison  of  total  nitrogen  yields  by  sampling  sites,  1985-89 
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TOTAL  PHOSPHORUS. 

IN  POUNDS  PER  ACRE  PER  YEAR 


ANNUAL  MEAN  WATER  DISCHARGE 
LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  27. — Comparison  of  total  phosphorus  yields  by  sampling  sites,  1985-89 
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SUSPENDED  SEDIMENT, 

IN  POUNDS  PER  ACRE  PER  YEAR 


3600 


3000 


2400 


1800 


1200 


600 


0.4 


PENBROOK 


CONESTOGA 

MANCHESTER 

HERSHEY 


SHERMANS  DALE 


DANVILLE 


HARRISBURG 

NEWPORT 

LEWISBURG 

RENOVO 

DAUPHIN 


0.6  0.8  1 1.2  1.4  1.6 

ANNUAL  MEAN  WATER  DISCHARGE 

LONG-TERM  AVERAGE  WATER  DISCHARGE 


FIGURE  28. — Comparison  of  suspended-sediment  yields  by  sampling  sites,  1985-89 
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TABLE  58. — Basin  categorization  by  land  use,  manure  production, 
and  average  yields  of  total  nitrogen,  total  phosphorus, 

and  suspended  sediment 


Land 

Use 

Manure 

Production 

Average  Yield 

Total 

Nitrogen 

Total 

Phosphorus 

Suspended 

Sediment 

Forested 

Urban 

Bas  in 
Group 

tons  per  acre 
per  year 

percent 

pounds 

per  acre  per 

year 

I 

100 

— 

0 

2.5-  5.0 

.02-  .25 

100-  220 

II 

60-80 

5-10 

.001-  ,9 

5 -10 

.25-  .60 

220-  650 

III 

35-40 

10-20 

1.0  -2.0 

10  -25 

.60-1.2 

650-1,550 

IV 

15 

20-25 

<5 

<30 

<1.5 

<1,600 

The  implication  of  the  above  data  is  that  the  production  of  fluvial 
sediment  in  a basin  increases  as  the  forests  are  replaced  by  farms  and/or 
urban  developments.  Wooded  or  abandoned  land  sustains  plant  growth  with  its 
"native  or  inherent  fertility".  Such  land  loses  less  nutrients  and  sediment 
to  streamflow  than  land  which  has  its  native  fertility  enhanced  with 
commercial  fertilizer,  animal  manure,  etc.  However,  land  need  not  be  forested 
to  have  a low  nutrient  loss;  it  can  be  idle  land,  such  as  a low  meadow  or 
wetland.  Categorizing  basins  by  land-use  fractions  is  not  precise.  For 
example,  the  Paxton  Creek  basin,  represented  by  the  Penbrook  sampling  site,  is 
classified  as  18  percent  forested,  40  percent  agricultural,  and  41  percent 
urban  (Class  IV  in  table  58).  Actually,  41  percent  of  the  watershed  is  a 
sewered,  suburban/urban  complex  that  is  expanding  into  the  other  59  percent, 
which  is  idle  land.  There  were,  during  part  of  the  sampling  period,  some 
residential  areas  that  used  septic  systems.  The  area  was  almost  entirely 
agricultural  25-30  years  ago.  This  was  the  time  when  small  amounts  of  low- 


145  - 


analysis  fertilizers  were  used;  therefore,  nitrogen  and  phosphorus  residuals 
would  not  be  expected  to  be  high.  The  range  in  TP  yields  was  therefore 
startling  (See  tables  27B  and  28B) . The  high  end  of  the  TP  yield  range 
(1.0  Ibs/ac)  is  high  in  contrast  to  the  other  basins.  The  suspended-sediment 
yields  are  also  higher  than  expected.  Many  studies  have  shown  the  strong 
association  between  phosphorus  and  soil-sediment  particles.  Thus,  it  is  to  be 
expected  that  high  sediment  yields  result  in  high  TP  yields.  Actually,  the  TP 
yields  are  low  in  contrast  to  the  high  sediment  yield.  However,  previous 
speculation  was  that  there  should  be  a very  low  fertilizer  residual  in  the 
basin  soils — thus,  the  relatively  low  TP  yields  can  be  considered  reasonable. 
Also,  it  is  known  that  most  of  the  nitrogen  in  raw  sewage  is  in  the  form  of 
organic  nitrogen  and  ammonia.  With  time,  the  organic  nitrogen  is  mineralized 
to  ammonia,  which  in  time  and  in  the  presence  of  oxygen  and  nitrifying 
bacteria,  oxidizes  to  nitrite  and  nitrate.  For  Paxton  Creek,  the  average  TN 
concentration  was  composed  of  54  percent  organic  nitrogen  plus  ammonia  (TKN). 
The  TKN  value  for  other  streams  believed  not  greatly  effected  by  raw  sewage 
ranges  from  30-35  percent  of  the  TN.  The  high  sediment  yields  were  due  to 
construction  associated  with  a growing  urban  area.  These  relatively  high 
sediment  yields  could  increase  when  compared  to  two  highway  construction 
studies  in  Pennsylvania  (Hainly,  1980)  (Reed,  1980),  which  measured  27,000 
Ibs/ac/yr  and  19,000  Ibs/ac/yr,  respectively.  Another  study  (Guy,  1965)  of 
residential  construction  in  Maryland  measured  80,000  Ibs/ac/yr  from  a 20.5 
acre  construction  area  on  which  89  single  homes  were  built  over  a 4-year, 
9-month  period. 

The  baseline  yields  of  suspended  sediment  for  Conestoga  plot  (figure  28) 
in  the  35-45  percent  forest,  10-20  percent  urban  category  (Group  III),  but  its 
land  use  is  15  percent  forest  and  20—25  percent  urban  (Group  IV) . This  may 
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possibly  be  due  to  the  extensive  sediment-control  measures  implemented  in  the 
Conestoga  River  basin.  The  average  suspended-sediment  yield  at  Conestoga 
(1,128  Ibs/ac)  was  about  one-half  of  the  suspended-sediment  yield  at  Penbrook 
(2,273  Ibs/ac),  but  the  total  nitrogen  and  total  phosphorus  yields  at 
Conestoga  were  4.1  and  3.4  times  higher,  respectively,  which  was  probably  due 
to  the  highly  fertile  soils  in  the  Conestoga  River  basin.  Manure  production 
in  this  basin,  at  5.24  tons  per  acre  per  year,  was  the  highest  of  any  of  the 
basins  studied. 

The  suspended-sediment  baseline  for  Lewisburg  plotted  as  a 100  percent 
forested  watershed,  although  table  5 shows  that  it  is  81  percent  forested  and 
13.9  percent  in  agriculture,  of  which  9.5  percent  are  tilled.  This  area  has 
fairly  steep,  wooded  slopes  and  its  agricultural  lands  are  mostly  bottom  lands 
that  are  small  in  area  and  scattered  throughout  the  basin. 

Average  annual  suspended-sediment  yields  for  the  periods  1962-67  and 
1985-89  are  presented  in  table  59.  This  is  a refinement  of  table  54. 
Original  data  for  the  1962-67  period  were  reported  by  Williams  & Reed  (1972). 

The  data  in  table  59  indicate  that  suspended-sediment  yields  at 
Danville,  Lewisburg,  Newport,  and  Harrisburg  have  undergone  little  change  over 
the  27-year  period.  This  suggests  little  or  insignificant  development  in  the 
upper  Susquehanna  River  basin  through  the  1962-89  period.  This  is  not 
surprising  since,  according  to  the  U.S.  Census  Bureau  (1964,  1980,  and  1987) 
the  population  of  areas  such  as  Columbia,  Lackawanna,  and  Luzerne  Counties 
show  a nominal  loss  of  1,818  inhabitants  from  1960  to  1980  (<0.5  percent)  and 
a decrease  of  114,040  farmland  acres  between  1964  and  1987. 
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TABLE  59. — Annual  baseline  suspended-sediment  yields,  1962-67  and  1985-89 


1962-67 

1985-89 

pounds 

per  acre  per  year 

Danville 

450 

390 

Lew is burg 

240 

190 

Newport 

250 

235 

Harrisburg 

345 

310 

Shermans  Dale 

265  / 
690^' 

480 

Hershey 

955 

Manchester 

6902/ 

56^ 

1,070 

York 

315 

Conestoga 

1,130 

~l  Measured  at  Harpers  Tavern 

Based  on  adjustment  of  drainage  area  to  117  square  miles 
— Measured  at  Lancaster 


In  contrast,  sediment  yields  have  increased  because  of  development,  of 
predominately  agricultural  lands  above  the  Shermans  Dale,  Hershey,  Manchester, 
and  Conestoga  sampling  sites.  Among  the  five  counties  of  Lancaster,  York, 
Adams,  Cumberland,  and  Dauphin,  there  was  a loss  of  70,430  harvested  acres 
from  1964  to  1987.  This  8-percent  decrease  in  harvested  acreage  equates  to 
110  square  miles.  At  about  the  same  time  (1960  to  1980),  human  population  in 
these  counties  increased  by  more  than  240,000. 

NUTRIEHT  AMD  SDSPEMDED-SEDIMEMT  LOADS  INPUT 
TO  RESERVOIRS  ON  THE  LOWER  SUSQUEHANNA  RIVER  AND 
RESERVOIR  OUTPUT  AT  CONOWINGO,  MD 

The  nutrient  and  suspended-sediment  loads  measured  at  Conowingo  Dam  do 
not  reflect  total  basin  loads  transported  to  the  reservoirs  by  the  Susquehanna 
River  and  its  tributaries.  Total-basin  loading  inputs  to  the  reservoirs  were 
estimated,  for  comparative  purposes,  from  loads  measured  at  the  sample  sites. 
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The  estimates  of  TN,  TP,  and  suspended-sediment  loads  transported  to  the 
reservoirs  by  the  Susquehanna  River  and  its  tributaries  are  presented  in 
tables  60,  61,  and  62,  respectively.  TN,  TP,  and  sediment  load  estimates  for 
each  of  the  years,  1985  through  1989,  were  made  by  adding  the  loads 
transported  by  the  Susquehanna  River  at  Harrisburg,  loads  of  the  sampled 
tributaries  below  Harrisburg,  and  load  estimates  for  the  unmeasured 
tributaries  downstream  of  Harrisburg.  Alternate  estimates  of  TN,  TP,  and 
sediment  basin  loads  were  made  for  the  period  1987-89  using  measurements  for 
the  Susquehanna  River  at  Marietta,  the  Conestoga  River,  and  estimates  for  the 
remaining  2 percent  of  the  unsampled  drainage  area  downstream  from  Marietta. 
These  load  estimates  are  shown  on  the  same  tables.  The  sampling  site  on  the 
Susquehanna  River  at  Marietta  is  the  southern-most  station  upstream  from  the 
reservoirs.  Its  records  are  believed  to  be  better  suited  than  those  for 
Harrisburg  for  estimating  basin  loads,  because  it  reduced  errors  in  data 
collection  and  load  estimation.  This  site  was  sampled  only  during  the  period 
1987-89,  so  its  load  information  is  useful  for  only  gross  comparisons. 

Comparative  values  of  estimated  yearly  basin  loads  and  the  loads 
measured  at  Conowingo  Dam  for  1985-89  are  presented  in  table  63.  The  load 
values  are  taken  from  tables  60-62.  The  yearly  differences  in  the  basin  and 
Conowingo  loads  are  the  quantities  of  TN,  TP,  and  suspended  sediment  trapped 
in  the  reservoirs.  The  loads  at  Conowingo  Dam  were  calculated  by  using  data 
collected  during  1985-89.  The  annual  basin  loads  computed  with  Marietta  as 
the  main  stem  site  are  also  shown. 

As  mentioned  in  the  previous  section,  the  loads  vary  from  year-to-year, 
depending  mostly  on  water  discharge.  The  loads  need  to  be  related  to  a common 
base  in  order  to  make  legitimate  year-over-year  comparisons  for  the  same  site, 
or  to  make  comparisons  among  sites.  Therefore,  the  methodology  described  in 
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TABLE  60. — Estimated  annual  total  nitrogen  loads  for  the  Susquehanna  River  basin,  1985-89 
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Includes  850  x 10  lbs  TP  from  Springettsbury  Township  STP  (35  mg/1  at  8 mgd) 


TABLE  61. — Estimated  annual  total  phosphorus  loads  for  the  Susquehanna  River  basin,  1985-89 
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TABLE  62. — Estimated  annual  total  suspended-sediment  loads  for  the  Susquehanna  River  has  in,  1985-89 
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Used  the  1987  calendar  year  load  because  rainfall  in  1989  was  similar  to  that  of  1987 


TABLE  63. — Nutrient  and  suspended-sediment  loads  input  to  reservoirs  and  output  at  Conowingo , 1985-89 
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the  previous  section  was  used  to  determine  average  baseline  loads  from  the  TN, 
TP,  and  sediment  loads  shown  in  tables  60,  61,  and  62,  and  the  corresponding 
water-discharge  ratios  of  0.795,  1.076,  0.842,  0.707,  and  1.047  for  1985-89, 
respectively. 

The  following  TN,  TP,  and  suspended-sediment  relations  for  average 
annual  load  were  developed  for  the  basin  and  Conowingo: 

Basin  loads  input  to  lower  Susquehanna  River  reservoirs: 

TN  Y = 6.02  X 10^  + 144  x 10^  (R) 

TP  Y = -1.02  X 10^  + 9.72  x 10^  (R) 

Sediment  Y = -4,500  x 10^  + 10,680  x 10^  (R) 

Conowingo  loads  output  to  Susquehanna  River  below  reservoirs; 


TN 

Y = 

-0.692  X 10°  + 148  X 10°  (R) 

TP 

Y = 

-1.80  X 10^  + 6.93  X 10^  (R) 

Sediment 

Y = 

-1,770  X 10^  + 3,550  x 10^  (R) 

Long-term  (baseline)  annual  loads,  computed  by  using  R=l,  are  shown  in 
table  64.  In  order  to  estimate  the  Pennsylvanian  contribution  to  basin  load, 
the  loads  generated  in  New  York  must  be  deducted  from  the  basin  total. 
Average  annual  loads  of  TN,  TP,  and  suspended  sediment  from  New  York  were 
estimated  by  using  the  estimated  annual  yields  for  Towanda,  as  shown  in 
tables  56,  57,  and  58,  and  the  drainage  area  in  New  York.  These  loads  also 
are  shown  in  table  64. 

The  trapped  nitrogen  is  of  minor  significance  when  considering  the 
entire  nitrogen  load  from  the  basin,  but  the  trapped  phosphorus  and  sediment 
are  highly  significant.  The  computed  long-term  annual  basin  load  of 
6,180  X 10^  pounds  of  sediment  compares  favorably  with  the  average  annual 
sediment  load  of  6,000  x 10^  pounds  reported  by  Williams  and  Reed  (1972).  The 


TABLE  64. — Annual  baseline  loads  of  nutrients  and  suspended  sediment 
(Based  on  loads  measured  in  the  period,  1985-89  and  adjusted  to 

long-term  averages) 


Total 

Total 

Suspended 

Nitrogen 

Phosphorus 

Sediment 

millions  of  pounds  per  year 

New  York's  contribution 

26 

1.60 

1 ,280 

Pennsylvania's  contribution 

124 

7.10 

4.900 

TOTAL  FROM  BASIN 

150 

8.70 

6,180 

Conowingo's  output  to 

Chesapeake  Bay 

147 

5.13 

1,780 

Trapped  in  reservoirs  of 

lower  Susquehanna  River 

3 

3.57 

4,400 

post-1960's  increase  in  suspended-sediment  load  can  be  accounted  for  by 
changes  in  subbasin  yields,  as  shown  in  table  59  of  the  previous  section. 
Based  on  the  average  annual  load  computed  for  Conowingo,  4,400  x 10^  pounds  or 
71  percent  of  the  average  annual  sediment  input  to  the  reservoirs  is 
entrapped.  Lang  (1982)  reported  that  4,600  x 10^  pounds  of  suspended  sediment 
were  measured  at  Harrisburg  and  2,450  x 10^  pounds  were  measured  in  the  same 
period  at  Conowingo.  These  figures  indicate  that  45  percent  of  the  suspended 
sediment  was  being  trapped  in  the  reservoirs  during  this  reporting  period. 
However,  his  percentage  of  trapped  suspended  sediment  would  have  been  greater 
if  loads  from  the  areas  below  Harrisburg  were  taken  into  account.  Williams 
and  Reed  (1972)  reported  an  average  annual  entrapment  of  2,400  x 10^  pounds  of 
sediment.  The  nutrients  and  sediment  being  trapped  in  the  reservoirs  are 
subject  to  be  resuspended  by  unusually  high  streamflows.  It  is  believed  that 
the  total  basin  loads,  rather  than  the  Conowingo  loads,  should  be  used  to 
evaluate  Best  Management  Practices. 
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It  was  mentioned  earlier  that  the  sampling  station  on  the  Susquehanna 
River  at  Marietta  may  be  better  suited  for  estimating  basin  loads.  The  data 
collected  at  Marietta  during  1987-89  also  were  used  to  calculate  the  long-term 
average  annual  load.  Those  loads  are  shown  below  for  comparison  with  the 
5-year  baseline  average  loads  for  the  basin  and  for  Conowingo.  The  average 
annual  baseline  loads  for  the  basin  for  the  two  monitoring  periods  are  very 
similar. 

TABLE  65 .--Comparison  of  two  estimates  of  annual  baseline  loads  for  the  basin 

with  baseline  loads  at  Conowingo,  Md. 


Total  Total 

Nitrogen  Phosphorus 

Suspended 

Sediment 

millions  of  pounds 

per  year 

Load  from  basin,  1985-89  ^ 

150 

8.70 

6,180 

2/ 

Load  from  basin,  1987-89  — 

153 

8.74 

6,820 

Load  from  Conowingo,  1985-89 

147 

5.13 

1,780 

Harrisburg  as  main-stem  monitoring  site 
— Marietta  as  main-stem  monitoring  site 

SUMMARY  AMD  COHCLUSIONS 

Excessive  nutrients  and  sediments  are  suspected  of  causing  a marked 
decrease  in  the  productivity  of  the  Chesapeake  Bay,  and  much  of  the  excess 
nutrients  and  sediment  are  thought  to  come  from  the  lower  Susquehanna  River 
basin.  Annual  loads  of  nutrients  and  suspended  sediment  transported  by  the 
main  stem  of  the  Susquehanna  River  and  ten  tributaries  were  measured  from  1985 
to  1989  to  determine  a baseline  loading  rate  for  the  basin. 
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Data  were  collected  monthly  during  base-flow  conditons  and  during  one 
storm  event  per  season. 

Nutrient  and  suspended-sediment  data  were  collected  from  the  Susquehanna 
River  at  Danville,  from  the  West  Branch  Susquehanna  River  at  Lewisburg,  and 
from  six  of  the  major  tributaries  to  the  lower  Susquehanna  River  basin — 
Juniata  River,  Sherman  Creek,  Swatara  Creek,  West  Conewago  Creek,  Codorus 
Creek  at  Pleasurevil le , and  the  Conestoga  River.  In  addition,  data  were 
collected  from:  Stony  Creek  at  Water  Tank  Trail  near  Dauphin,  which  is  in  a 
completely  forested  basin;  Susquehanna  River  at  Harrisburg;  Paxton  Creek, 
which  has  a partly  sewered  urban  basin;  and  Codorus  Creek  at  York.  The  area 
between  the  stations  on  the  Codorus  Creek  at  York  and  at  Pleasureville  is 
mostly  urban  and  contains  one  large  sewage-treatment  plant.  Data  also  were 
collected  from  the  Susquehanna  River  at  Conowingo  by  the  Towson,  Maryland, 
Office  of  the  U.S.  Geological  Survey.  The  loads  and  yields  calculated  from 
that  data  for  the  1985-89  period  are  included  in  this  report.  Annual  loads 
and  yields  from  Young  Womans  Creek,  a 100  percent  forested  basin  located  in 
north-central  Pennsylvania,  near  Renovo,  are  included  represents  another 
undisturbed  area. 

Base-flow  discharge  and  concentrations  of  nutrients  and  suspended 
sediment  varied  seasonally.  Generally,  base-flow  discharge  was  highest  during 
winter  and  lowest  during  summer  at  all  sites.  However,  relations  between 
base-flow  discharge  and  concentrations  of  nutrients  and  suspended  sediment 
varied  from  site-to-site. 

Base-flow  nitrite  plus  nitrate,  ammonia,  and  total  nitrogen 
concentrations  at  Danville  were  highest  during  winter  and  lowest  during 
summer.  Concentrations  of  total  organic  nitrogen  and  dissolved  and  total 
phosphorus  were  highest  in  spring,  and  were  often  coincident  with  high 


suspended-sediment  concentrations.  Seasonal  variations  in  Shermans  Creek  at 
Shermans  Dale  differed  from  those  observed  at  Danville,  except  for  nitrite 
plus  nitrate.  Concentrations  of  total  ammonia,  total  organic  nitrogen, 
dissolved  and  total  phosphorus,  and  suspended-sediment  concentrations  were 
highest  during  summer. 

Base-flow  nitrite  plus  nitrate  concentrations  at  the  other  main-stream 
sites  also  were  highest  in  winter  and  lowest  in  summer,  except  at  Lewisburg, 
where  concentrations  were  the  lowest  in  spring.  Nitrite  plus  nitrate 
concentrations  at  the  sampled  tributary  sites  also  were  highest  during  winter 
and  lowest  during  summer,  except  for  the  Swatara  Creek  at  Hershey. 
Concentrations  at  Hershey  were  lowest  during  winter  and  highest  during  summer. 
Seasonal  concentrations  differed  significantly  from  site  to  site  even  though 
seasonal  water  discharges,  in  cubic  feet  per  second  per  square  mile,  were 
often  similar. 

Changes  in  base-flow  concentrations  in  the  Conestoga  River  at  Conestoga 
occurred  after  May  1988  when  a sewage-treatment  plant  in  Lancaster,  Pa.  was 
upgraded  to  provide  for  reductions  in  ammonia  and  phosphorus  content  to  the 
effluent.  Most  notably,  ammonia  concentrations  in  base  flow  decreased  about 
79  percent,  from  an  average  of  0.29  mg/1  to  0.06  mg/1,  after  the  treatment 
plant  was  upgraded.  Total  phosphorus  concentrations  in  base  flow  decreased  by 
40  percent,  from  an  average  of  0.37  mg/1  to  0.22  mg/1. 

Loads  calculated  for  Danville  indicate  that  51  percent  of  the  total 
nitrogen,  59  percent  of  the  nitrite  plus  nitrate,  42  percent  of  the  organic 
nitrogen,  46  percent  of  the  dissolved  phosphorus,  34  percent  of  the  total 
phosphorus,  and  11  percent  of  the  suspended  sediment  were  transported  during 
base  flow.  Monthly  base-flow  loads  of  all  constituents  were  much  higher 
during  winter  than  during  summer. 
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Loads  calculated  for  Sherman  Creek  indicate  35  percent  of  the  total 
nitrogen,  42  percent  of  the  nitrite  plus  nitrate  nitrogen,  23  percent  of  the 
organic  nitrogen,  30  percent  of  the  dissolved  phosphorus,  17  percent  of  the 
total  phosphorus  and  3 percent  of  the  suspended  sediment  were  carried  by  base 
flows.  For  the  two  periods,  before  and  after  May  1988,  the  load  of  total 
ammonia  transported  by  base  flow  in  the  Conestoga  River  at  Conestoga  was  41 
and  21  percent,  respectively,  of  the  total-ammonia  load  transported  by  all 
flows.  The  load  of  total  phosphorus  transported  by  base  flow  in  the  same  two 
periods  was  34  and  20  percent,  respectively,  of  the  annual  load. 

Nutrient  and  suspended-sediment  concentrations  in  samples  collected 
during  stormflows  exhibited  the  usual  discharge  related  variations  as  well  as 
seasonal  variability.  Seasonal  storm  hydrographs  for  Danville  show  that 
winter  storms  produce  the  highest  flows,  followed  by  spring  and  fall.  Summer 
storms  cause  usually  the  smallest  seasonal  rise  in  the  Susquehanna  River  at 


Danville; 

however. 

the  nitrite 

plus  nitrate 

concentrations , 

at  0.82 

to 

1 .03  mg/ 1 , 

were  as 

high  as  the 

winter-storm 

concentrations , 

at  0.88 

to 

1.12  mg/1,  and  increased  with  increasing  flows.  In  contrast,  nitrite  plus 
nitrate  concentrations  for  winter,  spring,  and  fall  storms  generally  decreased 
as  water  discharge  increased,  with  minimum  concentrations  occurring  after  peak 
flows.  The  concentrations  then  increased  until  base  flows  were  attained. 

Seasonal  patterns  in  storm-water  discharges  and  nitrite  plus  nitrate 
concentrations  for  Shermans  Creek  at  Shermans  Dale  differ  from  those  for 
Danville.  Spring  storms  had  the  highest  water  discharges,  summer  storms 
produced  the  next-highest  seasonal  flows.  Winter  and  fall  storms  had  the 
lowest  flows.  However,  winter  storms  produced  the  highest  concentrations  of 
nitrite  plus  nitrate  (1.6  to  2.1  mg/1),  followed  by  the  fall  and  summer  storms 
(1.4  to  1.7  mg/1  and  0.75  to  1.9  mg/1),  respectively.  The  concentrations 
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increased  with  increasing  water  discharge  and  continued  increasing  for  several 
hours  after  peak  flow;  they  then  remained  relatively  constant  during  the 
remainder  of  the  recession  hydrograph  in  all  seasons,  which  contrasts  with  the 
response  at  Danville. 

Water  discharge  and  nitrite  plus  nitrate  concentrations  for  the 
Conestoga  River  show  that  storms  sampled  during  winter  and  fall  tended  to 
produce  smaller  loads  than  those  sampled  during  spring  and  summer.  However, 
the  highest  concentrations  of  nitrite  plus  nitrate  occurred  during  winter 
storms  (4.0  to  8.8  mg/1)  and  the  lowest  concentrations  (2.2  to  5.8  mg/1) 
occurred  during  summer  storms,  which  had  the  highest  flows.  Nitrite  plus 
nitrate  concentrations  during  storms  decreased  from  the  start  of  the  storm 
runoff  to  an  average  of  7 hours  after  the  time  of  peak  flow;  they  then 
increased  over  the  next  41  hours  to  approximately  values  observed  24  hours 
before  peak  flow.  Ammonia  concentrations  were  lower  in  the  storm-water 
samples  after  the  new  sewage-treatment  plant  went  on  line,  with  concentrations 
at  the  time  of  peak  flow  decreasing  from  0.6  to  0.08  mg/l  during  winter 
storms,  from  0.32  to  0.26  mg/l  for  spring  storms,  from  0.34  to  0.10  mg/l  for 
summer  storms,  and  from  0.22  to  0.12  mg/l  for  fall  storms. 

The  seasonal  variations  in  nutrient  and  suspended-sediment 
concentrations  observed  during  both  base  flow  and  stormflow  emphasize  the  need 
for  periodic  collection  of  samples  throughout  the  year.  The  estimates  of 
nutrient  loads  transported  during  base  flow  also  shows  the  importance  of 
sampling  during  both  base  flows  and  stormflows. 

Annual  and  seasonal  loads  were  calculated  using  the  minimum  variance 
unbiased-estimator  technique.  The  annual  loads  of  the  nitrogen  and  phosphorus 
species,  and  suspended  sediment  generally  were  highest  during  the  years  when 
the  discharge  was  highest.  There  was  a significant  decrease  in  the  total 
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ammonia  loads  in  the  Conestoga  River  in  1988  (29  percent)  and  1989  (53 
percent)  even  though  the  annual  discharge  increased  during  both  years.  There 
was  similar  decrease  in  ammonia  load  in  the  Codorus  Creek  at  Pleasurevil le  in 
1989.  These  decreases  can  be  attributed  to  upgrading  of  municipal  sewage 
treatment  plants.  Total  phosphorus  loads  in  the  Conestoga  remained  the  same 
in  1988  and  1989  even  though  the  annual  discharge  increased  from  111  percent 
of  the  long-term  average  discharge  to  135  percent.  This  absence  of 
corresponding  increase  of  phosphorus  load  with  increase  in  discharge  can  be 
attributed  to  phosphorus  removal  at  the  upgraded  sewage  treatment  plant. 

In  the  5 years  of  data  collection,  calendar  years  1986  and  1989  produced 
the  highest  streamflows  which  coincided  with  the  highest  nutrient  and 
suspended-sediment  loads  in  a single  season  for  all  collection  sites.  This 
occurred  during  the  winter  of  1986  and  the  spring  of  1989.  This  is  probably 
due  to  the  fact  that  the  annual  basin  streamflow,  as  measured  at  Conowingo, 
was  higher,  for  each  of  these  2 years  than  the  long-term  average  streamflow 
for  the  basin.  When  annual  mean  streamflows  were  below  the  long-term  average, 
as  in  1985,  1987,  and  1988,  the  seasons  with  the  highest  water  discharge  did 
not  necessarily  produce  the  corresponding  highest  seasonal  loadings  of 
nutrients  and  suspended-sediment  loading.  Additionally,  water  discharge  for 
calendar  year  1985  ran  contrary  to  the  long-term  seasonal  trend  in  that  a 
majority  of  sampling  sites  recorded  their  highest  seasonal  discharge  during 
the  fall,  rather  than  winter  or  spring. 

The  five  years  of  load,  or  yield,  values  for  TN,  TP,  and  suspended 
sediment  show  ranges  that  allow  the  sampling  sites  to  be  categorized  into  four 
groups.  The  Renovo  and  Dauphin  sampling  sites  represent  areas  that  are 
completely  forested  and,  as  a group,  show  the  lowest  TN,  TP,  and  suspended- 
sediment  yield  ranges  (2.0  to  3.8  Ibs/ac/yr  TN,  .03  to  .22  Ibs/ac/yr  TP,  and 
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30  to  250  Ibs/ac/yr  suspended  sediment).  In  the  next  group  of  sampling  sites, 
Lewisburg,  Newport,  Shermans  Dale,  and  Penbrook  are  on  tributaries  and 
Danville,  Harrisburg,  and  Marietta  are  on  the  main  stem.  In  this  group, 
nitrogen  yields  are  3.9  to  9.4  Ibs/ac/yr,  phosphorus  yields  are  0.17  to 
0.60  Ibs/ac/yr,  and  suspended-sediment  yields  are  100  to  500  Ibs/ac/yr.  These 
two  groups  of  monitor  sites  represent  areas  that  produce  less  than  1 ton  of 
animal  manure  per  acre  per  year  and,  except  for  Penbrook,  have  not  undergone 
much  areal  development.  The  third  group  of  sampling  sites — Hershey, 
Manchester,  York,  and  Pleasureville — have  nutrient  yields  in  the  range  of  8 to 
21  lbs  TN,  0.34  to  1.5  lbs  TP,  and  200  to  1,460  Ibs/ac/yr  suspended  sediment, 
which  are  higher  yields  than  those  of  the  previous  two  groups.  Their 
drainages  produce  from  1 to  nearly  2 tons  of  animal  manure  per  acre  per  year 
and  are  undergoing  areal  development.  The  Conestoga  drainage,  which  produces 
more  than  5 tons  of  animal  manure  per  acre  per  year,  produced  nutrient  yields 
of  26  to  45  Ibs/ac/yr  TN,  1.53  to  2.89  Ibs/ac/yr  TP,  and  480  to  1,670 
Ibs/ac/yr  suspended  sediment. 

The  annual  nutrient  and  suspended-sediment  loads  and  yields  show  year- 
to-year  variabilities  for  each  site  that  are  strongly  related  to  water 
discharge.  Nutrient  and  suspended-sediment  loads  and  yields  were  adjusted  to 
long-term  averages  in  order  to  minimize  bias  caused  by  flows  in  the  sampling 
period  and  for  making  comparisons  between  sites.  Comparability  was 
accomplished  by  relating  the  yearly  loads  (or  yields)  and  the  annual  mean 
water  discharges  in  the  sampling  period  to  the  long-term  average  water 
discharge.  This  was  accomplished  by  plotting  water  discharges  as  a ratio  of 
the  annual  mean  water  discharges  and  the  long-term  average  water  discharges 
against  the  annual  loads  (or  yields). 
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The  resulting  plot  or  regression  line  should  be  thought  of  as  the 
1985-89  "baseline".  This  baseline  can  be  used  to  estimate  an  average  load  or 
yield  for  the  base-sampling  period  that  has  been  adjusted  to  the  period  of 
long-term  water  discharge.  This  estimate  is  obtained  from  the  relation  as  the 
yield  value  for  a water-discharge  ratio  (R)  of  1 and  is  termed  the  "baseline 
yield". 

Nutrient  baselines  for  the  sampled  sites  were  superimposed  on  one  graph 
for  comparative  purposes.  These  baselines  fall  into  four  broad  groups  that 
were  related  to  land  use,  manure  production,  and  average  yields.  These 
groupings  indicate  that  loss  of  nutrients  and  suspended  sediment,  as  loading 
of  streamflow,  increases  as  forested  areas  are  replaced  by  agriculture  and 
urbanization.  However,  land  need  not  be  forested  to  have  a low  nutrient  and 
suspended-sediment  loss;  it  can  be  idle  land  that  was  formerly  farmed,  a 
meadow,  or  wetland.  This  is  illustrated  by  Paxton  Creek  whose  average  annual 
total  nitrogen  yield  of  8.12  Ibs/ac  places  it  in  the  group  with  60-80  percent 
forest  and  5-10  percent  urban  areas,  when  actually  its  land  use  is  considered 
41  percent  urban  and  40  percent  idle  land  that  is  being  encroached  upon  by 
development.  The  urban  area  is  sewered  and  the  treated  sewage  is  discharged 
below  the  sampling  site.  The  average  annual  suspended-sediment  yield  of  2,273 
Ibs/ac  is  typical  of  the  group  of  basins  with  15  percent  forest  and  20-25 
percent  urban  lands.  This  high  sediment  yield  was  due  to  active  construction 
activities  noted  above  the  sampling  site. 

The  average  annual  suspended-sediment  yield  of  1,128  Ibs/ac  at  Conestoga 
places  it  in  the  group  of  35-40  percent  forest  and  10-20  percent  urban  lands, 
but  actual  land  use  is  15  percent  forest  and  20-25  percent  urban  land.  The 
suspended-sediment  yield  was  about  half  of  that  at  Penbrook,  but  total 
nitrogen  and  total  phosphorus  yields  were  higher  by  4.1  and  3.4  times. 
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respectively.  This  is  possibly  due  to  the  higher  rates  of  manure  application 
in  the  Conestoga  River  basin.  Manure  production  in  this  basin  was  the  highest 
at  5.24  tons/ac/yr  of  all  the  monitored  basins;  this  rate  is  3,700  times  the 
applied  0.0014  tons/ac/yr  in  the  Paxton  Creek  basin. 

The  Conestoga  River  at  Conestoga  was  the  only  sampling  site  to  show  any 
definable  trend  in  nutrient  loading.  The  1989  load  of  TP  was  indicative  of  a 
significant  reduction  from  the  previous  4-year  baseline  loading  rate,  and 
appeared  to  have  resulted  primarily  from  an  upgrading  of  the  Lancaster 
Regional  Sewage  Treatment  Plant. 

A comparison  of  the  1985-89  average  sediment  yield  with  those  of 
1962-67,  as  reported  by  Williams  and  Reed  (1972),  showed  little  variation  in 
yield  over  the  27-year  period  at  Danville,  Lewisburg,  Newport,  and  Harrisburg. 
Population  data  of  the  U.S.  Department  of  Commerce  show  that  representative 
counties  in  the  basin,  such  as  Columbia,  Lackawanna,  and  Luzerne  had  a nominal 
loss  of  1,818  inhabitants  from  1%0  to  1980,  and  a decrease  of  114,040 
farmland  acres  from  1964  to  1987.  However,  an  increase  in  nitrate 
concentrations  is  noted  when  comparing  1945-51  and  1985-89  nitrate 
concentrations  collected  at  Danville  (0.52  vs  0.81  mg/1),  at  Lewisburg 
(0.31  vs  .067  mg/ 1) , and  at  Newport  (0.69  vs  1.33  mg/1).  This  increase  is 
probably  due,  in  part,  to  sewering  of  much  of  the  urban  areas,  with  much  less 
reliance  on  septic  systems.  This  has  brought  more  sewage,  albeit  treated, 
directly  to  the  stream  than  was  possible  from  faulty  septic  systems. 

In  contrast,  sediment  yields  increased  at  the  Shermans  Dale,  Hershey, 
Manchester,  and  Conestoga  sampling  sites  because  of  development — at  the 
expense  of  agricultural  land.  Among  the  five  counties  of  Lancaster,  York, 
Adams,  Cumberland,  and  Dauphin,  there  was  a loss  of  70,430  harvested  acres 
(110  square  miles)  from  1964  to  1987.  This  is  an  8 percent-decrease  in 
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harvested  acreage.  At  about  the  same  time,  the  1960-80  human  population  in 
these  counties  increased  by  more  than  240,000. 

The  nutrient  and  suspended-sediment  loads  measured  at  Conowingo  do  not 
reflect  total  basin  loads  transported  to  the  reservoirs  by  the  Susquehanna 
River  and  its  tributaries.  Total  basin  loads  were  estimated  for  each  of  the 
5 years,  1985-89,  by  adding  the  loads  transported  by  the  Susquehanna  River  at 
Harrisburg  to  those  of  the  sampled  tributaries  below  Harrisburg,  and  including 
estimates  for  the  unmeasured  tributaries.  The  loads  at  Conowingo  were 
calculated  by  using  data  collected  during  the  same  5 years.  The  average 
annual  baseline  total  nitrogen,  total  phosphorus,  and  suspended-sediment  loads 
were  computed  for  the  basin  and  for  Conowingo.  Total  nitrogen  and  total 
phosphorus  loads  for  the  basin  were  150  x 10^  and  8.7  0 x 10^  pounds, 
respectively.  The  total  nitrogen  and  total  phosphorus  loads  for  Conowingo 
were  147  x 10^  and  5.13  x 10^  pounds,  respectively.  The  difference  in  the 
total  nutrient  loads  is  most  likely  due  to  reservoir  entrapment.  Suspended- 
sediment  loads  for  the  basin  and  Conowingo  were  6,180  x 10^  pounds  and 
1,780  X 10^  pounds,  respectively.  In  order  to  estimate  the  contribution  from 
Pennsylvania  to  the  basin  load,  the  loads  generated  in  New  York  were  deducted 
from  the  total.  Based  on  limited  data,  total  nitrogen,  total  phosphorus,  and 
suspended  sediment  from  New  York  were  estimated  as  26  x 10^  pounds, 
1.60  X 10^  pounds  and  1,280  x 10^  pounds,  respectively.  The  average  annual 
basin  load  of  6,180  x 10^  pounds  of  sediment  compares  favorably  with  the 
estimate  of  6,000  x 10^  pounds  reported  by  Williams  and  Reed  (1972).  Based  on 
the  average  annual  load  computed  for  Conowingo,  4,400  x 10^  pounds,  or 
71  percent  of  the  sediment,  are  entrapped  annually.  Lang  (1982)  reported  that 
4,600  X 10^  pounds  of  suspended  sediment  were  measured  at  Harrisburg  and 
2,450  X 10^  pounds  were  measured  at  Conowingo.  These  figures  indicate  that 
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45  percent  of  the  suspended  sediment  was  being  trapped  in  the  reservoir  during 
his  survey.  However,  his  percentage  of  suspended  sediment  that  was  entrapped 
would  be  greater  if  he  had  taken  the  suspended-sediment  loads  from  the  areas 
below  Harrisburg  into  account.  Williams  and  Reed  (1982)  reported  an  average 
annual  entrapment  of  2,400  x 10^  pounds  of  sediment.  Total  basin  loads, 
rather  than  the  Conowingo  loads,  might  provide  the  better  values  for 
evaluation  of  Best  Management  Practices. 

The  sampling  site  on  the  Susquehanna  River  at  Marietta  is  the  southern- 
most station  upstream  of  the  reservoirs.  It  is  believed  to  be  best-suited 
main  stem  station  for  estimating  basin  loads,  because  of  reduced  errors  in 
collection  and  load  estimation.  Long-term  average  annual  loads  of  total 
nitrogen,  total  phosphorus,  and  suspended  sediment,  computed  from  data 
collected  at  this  station  during  1987-89,  are  153  x 10^  pounds, 
8,74  X 10^  pounds  and  6,820  x 10^  pounds,  respectively. 

This  study  has  reinforced  earlier  conclusions  that  the  highest  nutrient 
yields  come  from  the  lower  Susquehanna  River  basin.  The  lower  basin,  which 
constitutes  nearly  19  percent  of  the  watershed,  contributes  28  percent  of  the 
average  TP  load,  38  percent  of  the  average  TN  load,  and  45  percent  of  the 
average  suspended-sediment  load.  It  is  possible  that  a stricter  enforcement 
of  erosion-control  measures  at  construction  sites,  particularly  those  sites 
that  are  on  highly  fertile  agricultural  land,  could,  along  with  conservation 
measures  being  implemented  in  agriculture,  result  in  a substantial  reduction 
in  the  excess  nutrient  load. 
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IHTRODDCTION 


The  quality  of  the  nutrient  and  sediment  data  collected  during  the  study 
was  evaluated  by  several  methods.  Both  the  Pa.  DER  Bureau  of  Laboratories  in 
Harrisburg  and  the  U.S.  Geological  Survey^s  Central  Laboratory  in  Arvada, 
Colorado,  participate  in  the  Round  Robin  Water-Quality-Assurance  Program  and 
are  accredited  by  the  U.S.  Environmental  Protection  Agency.  Data  from  the 
Round  Robin  program  are  available  from  other  sources  and  are  not  repeated 
here.  Blank  and  spiked  samples  were  sent  to  the  Pa.  DER  Laboratory. 
Duplicate  (two  samples  from  the  same  volume  of  water)  and  replicate  (samples 
from  the  same  site,  but  collected  by  different  methods)  samples  were  collected 
at  several  locations.  Duplicate  intra-laboratory  samples  were  all  analyzed  by 
the  Pa.  DER  Laboratory;  duplicate  inter-laboratory  samples  were  sent  to  the 
Pa.  DER  and  the  USGS  Central  Laboratory.  All  replicate  samples  were  analyzed 
by  the  Pa.  DER  Laboratory.  All  duplicate  and  replicate  suspended-sediment 
samples  were  analyzed  by  the  USGS  Sediment  Laboratory  in  Harrisburg. 


BLANK  SAMPLES 

Analytical  results  of  blank-sample  analyses  are  listed  in  table  Al . 
Both  dissolved  and  total  nitrite  plus  nitrate  concentrations  were  well  within 
acceptable  limits.  The  mean  concentration  of  22  blank  samples  sent  for 
dissolved  nitrite  plus  nitrate  analysis  was  0.022  mg/1,  and  the  mean 
concentration  of  33  blanks  sent  for  total  nitrite  plus  nitrate  analysis  was 
0.025  mg/l.  Results  of  the  analyses  of  blank  samples  for  Kjeldahl  nitrogen 
were  within  acceptable  limits  for  the  Kjeldahl  procedure,  the  detection  limit 
is  0.20  mg/l.  The  mean  concentration  of  dissolved  Kjeldahl  nitrogen  in  21 
samples  was  0.31  mg/l.  Concentrations  ranged  from  0.10  to  0.60  mg/l;  5 were 
reported  at  or  below  the  detection  limit.  The  mean  concentration  of  total 
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TABLE  Al.- 

-Blank-sample 

analyses  by  the 
Harrisburg, 

Pa.  DER  Bureau  of 
Pa. 

Laboratories , 

Number 

Range 

Mean 

Standard 

Deviation 

Constituent 

or 

analysis 

mg/ 1 

Dissolved 

Ammonia 

21 

0,005-0.11 

.049 

0.024 

Kjeldahl 

nitrogen 

21 

0,10  - .60 

.31 

.16 

Nitrate 

22 

.005-  .08 

.022 

.016 

Nitrite 

21 

.001-  .014 

.005 

.004 

Phosphorus 

20 

.01  - .05 

.022 

.012 

Total 

Ammonia 

32 

.01  - .33 

.063 

.067 

Kjeldahl 

nitrogen 

32 

,10  -1.00 

.36 

.24 

Nitrate 

33 

.01  - .16 

.025 

.026 

Nitrite 

30 

.001-  .018 

.007 

.004 

Phosphorus 

32 

.01  - .11 

.029 

.022 
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Kjeldahl  nitrogen  in  32  samples  was  0.36  mg/1.  Concentrations  ranged  from 
0.10  to  1.00  mg/1,  of  which  9 were  reported  at  or  below  the  detection  limit. 
The  mean  concentrations  of  dissolved  and  total  ammonia  were  0.049  and  0.063 
mg/1,  respectively,  and  the  mean  concentrations  of  dissolved  and  total 
phosphorus  were  0.022  and  0.029  mg/1,  respectively.  Sixteen  of  32  blank 
samples  analyzed  for  total  phosphorus  were  reported  at  or  below  the  detection 
limits  of  0.02  mg/1. 


SPIKED  SAMPLES 

Analyses  of  spiked  samples  sent  to  the  Pa.  DER  Laboratory  were  also 
within  acceptable  levels.  The  mean  concentration  of  total  nitrite  plus  nitrate 
in  14  samples  sent  to  the  lab  was  2.84  mg/l;  the  range  was  0.80  to  8.00  mg/1; 
and  the  mean  concentration  reported  by  the  lab  was  2.55  mg/l,  for  values  in 
the  range  of  0.82  to  8.58  mg/l.  The  mean  concentrations  of  dissolved  and 
total  phosphorus  in  samples  sent  to  the  laboratory  were  1.55  mg/l  (n  = 13)  and 
1.51  mg/l  (n  = 15),  respectively;  the  corresponding  mean  concentrations 
reported  by  the  lab  were  1.77  and  1.72  mg/l.  Mean  concentrations  reported  by 
the  lab  for  Kjeldahl  nitrogen  were  10  to  15  percent  higher  than  standard 
determinations  for  the  spiked  samples.  A summary  of  the  statistical  results 
from  the  spiked  samples  is  presented  on  table  A2. 
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INTKR-LABORATOEY  DUPLICATES 


Inter-laboratory  duplicate  samples  were  collected  for  analysis  by  the 
Pa.  DER  Laboratory  and  the  USGS  Laboratory  in  Arvada.  Duplicate  samples  were 
collected  by  the  USGS  when  sampling  at  Danville,  Lewisburg,  and  Harrisburg. 
Duplicate  samples  also  were  collected  at  Conowingo  for  analysis  at  both 
laboratories.  A statistical  summary  of  these  samples  is  presented  on  tables 
A3  through  A6.  A total  of  about  56  inter- laboratory  duplicates  were 
analyzed;  23  were  from  Conowingo. 

Results  from  all  four  sites  were  encouraging.  Mean  concentrations  of 
dissolved  nitrite  plus  nitrate  from  the  Pa.  DER  and  the  USGS  laboratories  were 
within  5 percent  at  all  four  sites  and  were  the  same  at  Conowingo,  1.24  and 
1.23  mg/1,  respectively.  Inter-laboratory  results  for  total  Kjeldahl  nitrogen 
were  within  10  percent  (0.06  mg/1)  for  Danville,  Lewisburg,  and  Harrisburg. 
Results  reported  by  Pa.  DER  were  lower  than  those  reported  by  USGS  for 
Danville  but  higher  for  Lewisburg  and  Harrisburg.  The  mean  concentrations 
reported  for  the  inter-laboratory  duplicates  collected  at  Conowingo  varied  by 
40  percent;  the  mean  concentration  of  the  analyses  reported  by  the  USGS 
Laboratory  was  0.66  mg/1  and  that  reported  by  the  Pa.  DER  Laboratory  was  0.47 
mg/1.  The  mean  concentration  of  total  nitrogen  in  the  samples  from  Conowingo 
analyzed  by  Pa.  DER  was  1.71  mg/1  and  the  mean  concentration  of  the  samples 
analyzed  by  USGS  was  1.89  mg/1,  a difference  of  10  percent.  Mean 
concentrations  of  total  nitrogen  reported  by  the  USGS  Laboratory  for  the 
samples  collected  at  Danville,  Lewisburg,  and  Harrisburg  were  1.54,  1.03,  and 
1.82  mg/1,  and  the  mean  concentrations  reported  by  the  Pa.  DER  Laboratory  were 
1.54,  1.11,  and  1.95  mg/1,  respectively,  for  the  three  sites. 

Inter-laboratory  analyses  of  water  samples  for  total  phosphorus  showed 
no  distinct  pattern.  The  mean  concentrations  reported  by  the  two  laboratories 
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TABLE  A3. — Results  of  analyses  of  inter~laboratory  duplicate  samples  collected  from  the  Susquehanna  River  at 
Danville,  Pa.,  and  analyzed  by  the  U.S.  Geological  Survey  Central  Laboratory, 

Arvada,  Colo.,  and  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 


c 

o 

•H 

U9 

CO 

Q) 

U 

tJi 

OJ 


u 

o 

cd 

u 

o 

ee* 

w 

Q 


CO 

P-i 


u 

o 

■u 

cd 

u 

o 

X 

cd 

CO 

a 

CO 


a ^ 

o c 

•H  0) 
4J  •H 
Cd  O 
1—1  ‘H 
0) 
u 

M (U 

o o 

o 


o 


Cd 

o 

cr 


Cd 

•d 

a 

Cd 


'd 

u 

Cd 
T) 

C 
cd  > 

4-1  d 
CO  o 


c 

Cd 

O) 

s 


PL, 


CS 


PQ 


0) 

00 

p: 

.2 


00 

l-l  -H 

0)  CO 

Uii 

B M-l  r-4 

d O Cd 

2 C 

Cd 


o 

o 


o 

V 


r**. 


vO 

t-H 

o 

o 


00 

o 


o 

o 


vO 

<y> 


oi 

o 


vD 

00 


* 

¥ 


* 

¥ 


¥ 

¥ 


¥ 

¥ 


¥ 

¥ 


¥ 

¥ 


¥ 

¥ 


¥ 

¥ 


r-^ 

O 


m 


o 


on 

sr 


CO 


CO 

v£> 


CM 

o 

o 


m 

vO 


00 

CO 

o 


cs 

CO 


1 

1 

CS 

00 

cs 

sr 

1 

c:l 

1 

1 

'd- 

^£> 

o 

m 

vO 

1 

CO 

1 

1 

o 

CM 

o 

o 

o 

o 

1 

CO 

1 

1 

. 

• 

• 

• 

• 

• 

• 

1 

•rS 

> 

1 

1 

o 

1 

a 

0) 

1 

1 

1 

o at 

Q 

1 

1 

1 

C 

1 

1 

1 

4J  -i-t 

1 

1 

00 

CO 

vO 

m 

1 

Cd  fS 

1 

1 

CO 

o 

fO 

<r 

CO 

I 

3 

c 

1 

1 

o 

CO 

o 

o 

o 

r>. 

^-4 

1 

cr  c 

CO 

1 

1 

. 

• 

• 

• 

• 

• 

• 

1 

at  o 

<u 

1 

1 

o 

1 

•H 

2 

1 

1 

1 

at  CO 

1 

1 

1 

.S  CO 

1 

1 

^-1 

1 

w at 

1 

1 

'd- 

<1* 

cs 

m 

ir\ 

m 

1 

1 

1 

cs 

o 

o 

CS 

1 

Po  bt> 

(U 

1 

1 

• 

• 

• 

• 

• 

• 

1 

.3  at 

C4) 

1 

1 

•o 

o 

1 

Pc 

a 

1 

1 

at 

1 

1 

J 

1 

1 

1 

•o 

1 

r->  1 

> 

iri 

cs 

1^ 

o 

1 

at  at 

f2 

1 

1 

O 

CN 

o 

cs 

CO 

CS 

UO 

1 

0 .0 

1 

^ 1 

o 

O 

CO 

o 

o 

o 

cs 

o 

1 

•H  *J 

1 

B 1 

CO 

. 

• 

• 

• 

o 

• 

• 

• 

1 

1 

CO 

o 

H 

1 

.-1  «w 

1 

1 

•H 

1 

PL.  O 

1 

1 

1 

1 

1 

1 

Pd 

01  0 

1 

1 

1 

pi. 

d 

1 

1 

1 

+ a 

0 O 

o 

1 

1 

1 

o 

O i-t 

•1-4 

1 

1 

o 

o 

1 

•H 

..s  CO 

4.1 

1 

1 

«d- 

cs 

cs 

CO 

o 

o 

1 

Q)  4J 

4-1 

cd 

1 

1 

o 

cs 

o 

o 

o 

si- 

1 

d Cd 

0 0 

• r4 

1 

1 

• 

• 

• 

« 

• 

• 

• 

1 

•-1  d 

.o 

1 

> 

0) 

cd 

1 

> 

4J 

1 

oi 

d 

CO 

1 

w 

o 

Oi 

pC 

m 

%r\ 

1 

Q 

•H 

Xi 

44 

sr 

rH 

cs 

<T 

^4 

1 

CO 

u 

o 

o 

O 

O 

f^ 

**4 

1 

• 

CO 

>* 

• 

• 

• 

• 

• 

• 

• 

1 

Cd 

0) 

<4-1 

44 

o 

1 

PL, 

U 

o 

•«-l 

1 

%-✓ 

00 

1 

0) 

4-1 

•H 

1 

< 

u 

c 

Xi 

o 

1 

d 

cd 

CO 

o 

o 

00 

o 

o 

CS 

1 

u 

cd 

o 

X^ 

o 

CO 

1 

u 

o 

• 

• 

• 

• 

• 

1 

0 

0) 

0) 

1-1 

o 

^-4 

1 

3 

4-1 

p4 

1 

1 

m 

1 

1 

1 

1 

1 

d 

CO 

o 

o 

^-1 

1 

CO 

cs 

o 

CO 

o 

o 

o 

CM 

o 

1 

> 

B 

pei 

• 

• 

• 

9 

• 

• 

• 

1 

o 

o 

1 

CO 

o 

1 

o 

• • 

1 

CO 

o 

4J 

1 

d> 

4-1 

G 

1 

0) 

1 

Cd 

•H 

cs 

o 

cs 

cs 

CS 

cs 

1 

•• 

4J 

O 

^-1 

^■4 

1 

CO 

Cd 

•H 

1 

Oi 

•d 

<4-1 

44  1 

CD 

0 

G 1 

d 

3 

0)  1 

^“4 

P4 

0 

d 

0 

d 1 

da  0) 

O 

3 

0) 

3 

44  1 

44 

.0 

P4 

00 

>-) 

•H  1 

CO 

0)  Cd 

PL. 

O 

CO 

pfi 

o 

o 

44  1 

•H 

44  M 

0 

.0 

•H 

cd 

CO  1 

G 

•H  44 

o 

o 

PL. 

G 

•d 

44 

PL. 

G 1 

O 

1-1  -H 

Ji 

JC 

0 

Q 

t— 1 

•l-t 

0 

O 1 

B 

44  G 

4-1 

PL. 

o 

G 

OJ 

G 

o 

O 1 

•r4 

P4 

.0 

n 

• r-i 

.0 

1 

<q 

O 

pL, 

PL, 

<d  j-i 
4J  a 
CD  0) 
•H 
C U 
O 


CO  3 
3 CO 

o*  B 
M M 


O 

M 

<U 

N 


cd 

3 

cr 

at 


cd  cr 


W 4J 


t 


at 

o 

CJ> 

a 

o 


Cd 

1-^ 

at 

o 

u 


178 


TABLE  A4. — Results  of  analyses  of  inter-laboratory  duplicate  samples  collected  from  the  West  Branch  Susquehanna  River  at 
Lewisburg,  Pa.,  and  analyzed  by  the  U.S.  Geological  Survey  Central  Laboratory,  Arvada,  Colo., 

and  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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TABLE  A-5.  Results  of  analyses  of  inter- laboratory  duplicate  samples  collected  from  the  Susquehanna  River  at 

Harrisburg,  Pa.,  and  analyzed  by  the  U.S.  Geological  Survey  Central  Laboratory,  Arvada,  Colo.,  and  the 
Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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TABLE  A6. — Results  of  analyses  of  inter-laboratory  duplicate  samples  collected  from  the  Susquehanna  River  at 
Conowingo , Md. , and  analyzed  by  the  U.S.  Geological  Survey  Central  Laboratory, 

Arvada,  Colo.,  and  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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for  the  samples  collected  at  Danville  were  the  same  (0.11  mg/1).  Results 
reported  by  the  Pa.  DER  Laboratory  were  lower  than  those  reported  by  the  USGS 
for  the  samples  collected  at  Lewisburg  (0.034  vs.  0.058  mg/l),  and  at 
Conowingo  (0.052  vs.  0.076  mg/l);  but  were  higher  for  the  samples  collected  at 
Harrisburg  (0.076  vs.  0.049  mg/l).  The  mean  concentrations  of  dissolved 
phosphorus  reported  by  the  Pa.  DER  Laboratory  were  higher  for  all  sites.  The 
largest  percentage  difference  in  analytical  results  for  dissolved  phosphorus 
was  for  the  samples  collected  at  Conowingo,  for  which  the  mean  concentration 
reported  by  the  Pa.  DER  Laboratory  was  0.029  mg/l,  as  compared  to  a mean 
concentration  of  0.014  mg/l  reported  by  the  USGS  Laboratory.  Detection  limits 
of  the  procedures  used  by  the  Pa.  DER  Laboratory  was  0.02  mg/l  for  both 
dissolved  and  total  phosphorus  and  the  detection  limits  of  the  procedures  used 
by  the  USGS  Laboratory  was  0.001  mg/l. 


IHTRA-LABORATOKT  DUPLICATES 

Duplicate  intra-laboratory  samples  were  collected  at  Danville, 
Lewisburg,  Newport,  Harrisburg,  Manchester,  Marietta,  and  Conestoga.  Since 
these  samples  are  assigned  to  one  of  two  sets  at  random,  the  difference  in 
mean  concentrations  of  the  two  groups  has  no  meaning.  A total  of  66  samples 
were  collected;  a statistical  summary  of  these  samples  is  presented  on  Tables 
A-7  through  A-13.  The  highest  R values  were  calculated  for  dissolved  and 
total  nitrite  plus  nitrate;  they  ranged  from  0.97  mg/l  at  Conestoga  to  0.99 
mg/l  at  Danville,  none  of  reported  concentrations  of  nitrite  plus  nitrate  were 
near  the  detection  limits.  The  R values  for  total  Kjeldahl  nitrogen  ranged 
from  0.74  to  0.97  mg/l,  and  the  values  for  total  phosphorus  ranged  from  0.76 
to  0.99  mg/l. 
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Correlation  Coefficient:  R*^  Percent  of  the  variation  explained  by  the  equation 

P Probability  that  the  slope  of  the  regression  line  is  not  equal  to  zero 
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TABLE  A9. — Results  of  analyses  of  intra-laboratory  duplicate  samples  collected  from  the  Juniata  River  at 
Newport,  Pa.,  and  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Equation  states:  Dependent  value  A (Independent 
Insufficient  data  to  compute  a regression  equation 
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Equation  states:  Dependent  value  “ A (Independent  value) 


TABLE  All. — Results  of  analyses  of  intra-laboratory  duplicate  samples  collected  from  the  West  Conewago  Creek  near 
Manchester,  Pa.,  and  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlation  Coefficient:  R'^  Percent  of  the  variation  explained  by  the  equation 

P Probability  that  the  slope  of  the  regression  line  is  not  equal  to  zero 


TABLE  A12. — Results  of  analyses  of  intra-laboratory  duplicate  samples  collected  from  the  Susquehanna  River  at 
Marietta,  Pa.,  and  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlation  Coefficient:  R^  Percent  of  the  variation  explained  by  the  equation 

P Probability  that  the  slope  of  the  regression  line  is  not  equal  to  zero 


TABLE  A-13.  Results  of  analyses  of  intra-laboratory  duplicate  samples  collected  from  the  Conestoga  River  at 
Conestoga,  Pa.,  and  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlation  Coefficient:  Percent  of  the  variation  explained  by  the  equation 


The  statistical  summairy  of  duplicate  intra-laboratory  samples  for 

suspended-sediment  analysis  are  reported  with  the  intra-laboratory  samples  for 

2 

Harrisburg.  The  R value  was  0.99  for  the  31  samples.  Reported 

concentrations  ranged  from  14  to  689  mg/1. 


INTER-IABORATOSY  REPLICATES 

Inter-laboratory  replicate  samples  were  collected  at  three  sites. 
Replicate  samples  were  collected  at  Pleasurevil le  and  Conestoga  to  insure  that 
the  automatic  samplers  were  collecting  representative  samples.  Replicates 
also  were  collected  at  Harrisburg.  During  the  course  of  the  study  the  number 
of  cross-sections  sampled  at  Harrisburg  was  changed  from  6 to  15  so  that  a 
more  representative  sample  would  be  obtained.  Statistical  summaries  of  the 
replicate  samples  are  listed  on  tables  A14,  A15,  and  A16. 

Thirty  replicate  samples  were  collected  at  Pleasureville . Suspended- 
sediment  concentrations  of  the  samples  collected  using  depth-integrating 
equipment  ranged  from  12  to  2,170  mg/1,  and  the  mean  was  564  mg/1; 
concentrations  of  samples  collected  by  the  automatic  sampler  ranged  from  14  to 
2,330  mg/1,  and  the  mean  was  648  mg/l.  The  indicated  differences  in 
suspended-sediment  concentrations  were  considered  significant  and  all 
suspended-sediment  concentrations  for  samples  collected  by  the  automatic 
sampler  were  adjusted.  Visual  observation  of  the  samples  at  the  time  of 
collection  indicated  that  the  differences  in  concentrations  were  caused  mostly 
by  higher  quantities  of  sand  in  the  samples  collected  by  the  automatic 
samplers.  After  mixing,  sand  accumulated  at  a higher  rate  on  the  bottom  of 
the  bottles  collected  by  the  automatic  samplers.  Turbidities  of  the  samples 
appeared  to  be  about  the  same. 


TABLE  A14. — Results  of  analyses  of  intra-laboratory  replicate  samples  collected  from  the  Codorus  Creek  at 
Pleasureville , Pa.,  using  depth-integrating  equipment  and  an  automatic  sampler; 
the  samples  were  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlation  Coefficient:  R Percent  of  the  variation  explained  by  the  equation 


TABLE  Al5. — Results  of  analyses  of  intra-laboratory  replicate  samples  collected  from  the  Conestoga  Rive 
Conestoga,  Pa.,  using  depth-integrating  equipment  and  an  automatic  sampler; 
the  samples  were  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlaiton  Coefficient:  R Percent  of  the  variation  explained  by  the  equation 

P Probability  that  the  slope  of  the  regression  line  is  not  equal  to  zero 


TABLE  A16. — Results  of  analyses  of  intra-laboratory  replicate  samples  collected  from  the  Susquehanna  River  at 

Harrisburg,  Pa.,  at  6 and  16  points  in  the  cross-section; 
the  samples  were  analyzed  by  the  Pa.  DER  Bureau  of  Laboratories,  Harrisburg,  Pa. 
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Correlation  Coefficient:  R Percent  of  the  variation  explained  by  the  equation 

P Probability  that  the  elope  of  the  regression  line  is  not  equal  to  zero 


Analytical  results  for  total  phosphorus  and  total  Kjeldahl  nitrogen 
could  be  affected  by  the  same  factors  that  affected  the  suspended-sediment 
concentrations;  however,  the  data  do  not  indicate  any  difference  between  the 
cross-sectional  samples  collected  with  depth- integrating  equipment  and  the 
samples  collected  with  the  automatic  sampler.  Total  phosphorus  concentrations 
in  samples  collected  with  depth-integrating  equipment  ranged  from  0.18  to  2.09 
mg/1;  the  mean  was  0.53  mg/1.  The  concentrations  in  samples  collected  by  the 
automatic  sampler  ranged  from  0.13  to  2.53  mg/l,  and  the  mean  was  0.51  mg/1. 
Differences  in  total  Kjeldahl  nitrogen  concentrations  also  were  not 
significant.  Concentrations  of  samples  collected  with  depth-integrating 
equipment  ranged  from  1.01  to  10.26  mg/l,  and  the  mean  was  2.82  mg/l. 
Concentrations  of  samples  collected  with  the  automatic  sampler  ranged  from 
1.01  to  7.60  mg/l,  and  the  mean  was  2.84  mg/l.  The  differences  in  mean 
concentrations  of  all  other  parameters  was  4 percent  or  less.  Similar  small 
differences  were  observed  for  the  range  of  concentrations  and  the  standard 
deviations , 

Replicate  samples  for  Conestoga  were  collected  from  a bridge  about 
1 mile  below  the  gage;  there  are  no  large  tributaries  between  the  two  sites. 
The  automatic  sample  was  always  collected  first;  about  20  minutes  later  the 
depth-integrated  cross-sectional  sample  was  collected.  The  suspended-sediment 
concentration  of  samples  collected  using  depth-integrating  equipment  ranged 
from  41  to  3,970  mg/l,  and  the  mean  was  1,068  mg/l.  Concentration  of  samples 
collected  by  the  automatic  sampler  ranged  from  46  to  7,250  mg/l,  and  the  mean 
concentration  was  1,293  mg/l.  The  differences  in  suspended-sediment 
concentrations  were  considered  significant,  so  the  sediment  concentrations  for 
samples  collected  by  the  automatic  sampler  were  adjusted.  As  occurred  at 
Pleasureville , the  differences  in  concentrations  appeared  to  be  caused  by 
excessive  sand  in  the  automatic  samples. 


Concentrations  of  total  phosphorus  and  total  Kjeldahl  nitrogen  did  not 
show  any  difference  between  the  cross-sectional  samples  collected  with  depth- 
integrating  equipment  and  the  samples  collected  with  the  automatic  sampler. 
Total  phosphorus  concentrations  in  samples  collected  with  depth-integrating 
equipment  ranged  from  0.29  to  4.80  mg/l,  the  mean  was  1.07  mg/1. 
Concentrations  in  samples  collected  by  the  automatic  sampler  ranged  from  0.28 
to  3.30  mg/l,  and  the  mean  was  1.05  mg/l.  Differences  in  total  Kjeldahl 
nitrogen  concentrations  also  were  not  significant.  Concentrations  in  samples 
collected  with  depth-integrating  equipment  ranged  from  1.10  to  11.08  mg/l,  and 
the  mean  was  3.94  mg/l;  concentrations  in  samples  collected  with  the  automatic 
sampler  ranged  from  0.90  to  10.14  mg/l,  and  the  mean  was  4.00  mg/l.  Except 
for  dissolved  ammonia,  the  differences  in  mean  concentrations  of  all  other 
parameters  was  4 percent  or  less.  Similar  small  differences  were  observed  for 
the  range  of  concentrations  and  the  standard  deviations. 


REPLICATE  SAMPLES  AT  HARRISBURG,  PENHSYLVAHIA 

Replicate  samples  were  collected  at  Harrisburg  during  1989  to  insure 
that  a representative  sample  was  being  collected.  Normal  samples  were 
collected  at  6 locations  in  the  cross-section  by  using  depth-integrating 
sampling  equipment,  and  the  second  set  of  samples  were  collected  at  16  points 
in  the  cross-section.  A total  of  42  replicate  samples  were  collected  during 
the  year.  A statistical  summary  of  the  data  is  listed  in  Table  A-16. 

Nitrite  plus  nitrate  was  the  only  parameter  that  had  significantly 
different  replicate  concentrations.  Concentrations  of  total  nitrite  plus 
nitrate  in  samples  collected  from  16  points  in  the  cross-section  ranged  from 
0.55  to  1.46  mg/l,  and  the  mean  was  1.03  mg/l;  concentrations  in  samples 
collected  from  6 points  in  the  cross-section  ranged  from  0.77  to  1.92  mg/l  and 


the  mean  was  1.38  mg/1.  All  the  samples  collected  from  16  points  in  the 
cross-section  had  lower  nitrite  plus  nitrate  concentrations  than  their 
counterparts  collected  at  6 points.  These  differences  were  considered  to  be 
significant  and  the  loads  of  nitrite  plus  nitrate  were  adjusted  accordingly. 
Total  nitrogen  loads  calculated  for  Harrisburg  also  were  adjusted  by  the  same 
amount.  Concentrations  of  dissolved  nitrite  plus  nitrate  were  similar; 
however,  differences  between  the  mean  concentration  of  all  other  parameters 
were  less  that  5 percent. 
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Appendix  B. --NUTRIENT  SUMMARY  STATISTICS 


Seasonal  base-tlow  nutrient  statistics,  Susquehanna  Kiver  at  lowanda,  ra.,  January  to  uecember  ivov 
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Seasonal  base-flow  nutrient  statistics,  Sherman  Creek  at  Shermans  Dale,  Pa.,  January  1985  to  December  1989 
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analytical  detection  limit 

number  of  analyses  below  detection  limit 


Nutrient  statistics,  Susquehanna  River  at  Harrisburg,  Pa.,  January  1985  to  December  1989 


1 

1 

1 

1 

1 

1 

1/ 

1/ 

fl 

1 

1 

a 

a 

a 

1 

1 

o o o o 

R 

o o o o 

a 

1 

1 

00 

a 

CM  «-H  ^ 

a 

0000 

1 

1 

o o o o 

Os  tn  ^ 

a 

o o o o 

CM  o CM 

a 

00  oM  ^ •H 

O 

1 

1 

• • • • 

en  ^ 

a 

• • • • 

m r*« 

a 

0000 

<-H  in  no 

1 

1 

o o o o 

a 

o o o o 

a 

• • • • 

O'  00 

1 

1 

I 

a 

0000 

1 

1 

a 

a 

1 

1 

1 

1 

1 

1 

:5i 

a 

a 

a 

a 

a 

a 

1 

1 

o o o o 

a 

o o o o 

a 

1 

1 

O ^ CO  cn 

a 

*4  ^ m m 

a 

0000 

PU 

1 

1 

^ o o o 

CM  nO  •-< 

a 

^ o o o 

'O  ^ O 

a 

1 cn  m 

a 

1 

1 

• • • • 

\n 

a 

• • • • 

CM 

a 

-^000 

NO  n*  •-< 

1 

1 

o o o o 

a 

o o o o 

a 

• • • • 

P'* 

1 

i 

u 

a 

0000 

1 

1 

a 

a 

1 

1 

1 

1 

1 

1 

a 

a 

u 

a 

a 

a 

::i 

1 

1 

o o o o 

a 

o o o o 

a 

1 

1 

NO  «-H  m 

a 

vO  CM  «-H  o 

a 

0000 

1 

1 

•-<0  0 0 

CO  CM  O 

a 

m o ^ ^ 

*4  0 0 

a 

NO  •— ( O'  00 

H 

1 

• • • • 

tn 

a 

• • • • 

CM 

y 

m 0 0 0 

CM  0 

1 

1 

o o o o 

a 

o o o o 

a 

• • « • 

r«- 

1 

1 

a 

a 

0000 

1 

1 

a 

a 

1 

1 

a 

a 

1 

1 

1 

1 

a 

a 

a 

a 

fO 

1 

1 

o o o o 

a 

o o o o 

a 

0000 

cs 

1 

1 

cs  00  ir>  ro 

a 

CM  o nO  0> 

a 

CM  00  m 00 

O 

1 

1 

cs  •-H 

CM  O 

a 

m CM  -M 

m 0 ^ 

a 

'4  CM  CM  •— I 

in  0 CM 

s 

1 

1 

• • • • 

m 

u 

• • • • 

CM 

a 

• • • • 

f". 

1 

1 

a 

CM  O >M  ^ 

a 

CM  0 ^ 

1 

1 

D 

a 

1 

1 

u 

a 

1 

1 

1 

1 

u 

a 

a 

a 

1 

1 

a 

a 

1 

1 

o o o o 

0 

O O O o 

a 

0000 

1 

1 

o cvi  'O'  cn 

a 

CM  CM  w'^ 

a 

0 CM  m 'd' 

ss 

1 

1 

m o o o 

CM  m ^ 

a 

CM  o o o 

m m ^ 

a 

0 

m 0 0 0 

m 0 CM 

Q 

1 

1 

• • • • 

m 

a 

• • • • 

CM  ^ 

a 

• • • • 

CM 

1 

1 

o o o o 

a 

o o o o 

a 

MM 

0000 

1 

1 

a 

a 

B 

1 

1 

a 

1 

1 

1 

1 

a 

a 

a 

a 

0 

1 

1 

a 

a 

CO 

1 

1 

o o o <n 

a 

o o o o 

a 

0000 

1 

1 

o cs  <1*  cn 

a 

CM  CM  m m 

a 

-3 

0 CM  in  'O' 

z 

1 

1 

r->  O O O 

CM  »r\  i-H 

a 

CM  o o O 

m <r\  •— < 

1 

d 

m 0 0 0 

m 0 CM 

1 

1 

3 

• * • • 

in 

a 

• « • • 

CM 

a 

d 

• • • • 

CM 

1 

• ^ 

1 

1 

O 

f*4 

o o o o 

a 

a 

a 

o 

^-1 

CM 

o o o o 

a 

a 

a 

> 

0 

0000 

1 S 

1 

1 

1 

a> 

CO 

0 

a 

B 

g 

o 

a 

a 

a 

U4 

::^I 

1 

1 

cO 

o o o o 

a 

4J 

CO 

o o o o 

a 

0) 

0000 

z 

1 

O o 00  o 

a 

vD  O •— < 

a 

tt 

NO  0 m 0 

1 

CX  CO  o 

CM  -4* 

a 

r"  CM 

m ^ ^ 

a 

d 

r'.  CM  'i' 

CM  m m 

Q 

1 

• • • • 

a 

• • • e 

CM 

B 

OQ 

• • • • 

1". 

1 

.-H  o o o 

a 

CM  O O O 

a 

CM  0 0 0 

^4 

1 

a 

a 

*3 

1 

a 

a 

0) 

J 

1 

a 

a 

a 

a 

d 

1 

a 

a 

JO 

1 

o o o o 

a 

o o o o 

a 

a 

0000 

z 

1 

o CM  o 

a 

CM  O -H 

a 

0 

CM  0 CM  NO 

S 

1 

CM  m m 

CO  — < O 

a 

0>  CM  00  t'. 

•o  0 0 

a 

0 

O'  CM  r'-  NO 

P'-  i-M  0 

1 

• • • • 

in 

a 

• • • • 

CM 

a 

• • • • 

1 

^ o o o 

a 

CM  O O O 

a 

CM  0 0 0 

i 

a 

a 

1 

B 

a 

1 

a 

a 

1 

a 

a 

1 

a 

a 

1 

o o o o 

a 

O o O O 

a 

0000 

1 

O O CM 

a 

O o CM  m 

a 

0 0 O'  0 

o 

1 

o no  tn  o 

CM  o ^ 

a 

O'  \D  nO  m 

'O  0 0 

a 

0 no  in  m 

NO  0 >-4 

H 

1 

• • • • 

in 

a 

« • • • 

CM 

a 

• • • • 

P'. 

1 

^ ^ cn  CO 

a 

no  ^ m m 

a 

^ ^ m m 

1 

a 

a 

1 

a 

a 

1 

a 

a 

4J 

1 

a 

B 

C3 

1 

a 

D 

0) 

1 

o •-•  cn  CM 

•-H  O CM 

a 

0>  Nd  o CM 

O'  0 in 

U 

O'  •— < r^.  r^. 

0 0 C'- 

a 

1 

rH 

m 

II 

00  O'  vO 

u 

00  no  m 

P'. 

•H 

1 

a 

•d* 

y 

1 

a 

y 

0) 

1 

a 

fl 

w 

1 

a 

u 

a 

u 

a 

u 

a 

u 

1 

o o o o 

moo 

a 

o o o o 

0 0 

y 

0000 

P^  0 0 

> 

1 

o o o 

m 

a 

O CM  o o 

CM 

V 

0 CM  0 0 

P'. 

o 

1 «Q 

1 

CM  -H  OO 

a 

o m m m 

1 

0 ^ r'.  'O 

^4 

rH 

1 

1 

a 

M M A A 

G 

m m ^ m 

Cx 

1 o 

1 

CM  -H  00 

a 

cn  m 

O'  <t  ^ 00 

1 

1 

in  CM  ^ 

u 

O'  r- 

r>. 

1 

1 

a 

a 

m 

m 

O 

1 

1 

1 

cmI 

a 

0 

^51 

•i-l 

1 

CO 

a 

00 

0 a V 

a 

u 

1 

6 0 0) 

0)  4J  00 

a 

0 S <u 

01  4J  bO 

d •u  bO 

to 

1 

0 P tc  c 

o *H  d 

a 

3 d bo  ca 

CO  •H  d 

3 5 bO  c 

00  'H  d 

1 

a a «Q  <0 

e 

a 

6 a cd  d 

0 

0 0 a <a 

>>  0 

4J 

1 

•H  ‘H  u •ri 

^ ‘p-l  00 

a 

I-)  -H  to 

•H  ^ -.H 

CO 

CO 

1 

X c a» 

d 1.4  CO 

a 

X C d *3 

CO  a 

X C lU  -0 

d tJ  « 

4J 

CO 

1 

1 

b 'H  > 0) 
X X C X 

0 

■<  V X 

a 

a 

ip  -M  > d 
X X < X 

.§  V -c 

« -.M  > 0) 

S » < X 

C *H 

CVS 

226 


analytical  detection  limit 

number  of  analyses  below  detection  limit 
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Seasonal  stonnflow  nutrient  statistics,  Codorus  Creek  near  York,  Pa.,  January  1985  to  December  1989 
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Seasonal  combined  flow  nutrient  statistics,  Codorus  Creek  near  York,  Fa.,  January  iyo3  to  uecemoer 
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